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PREFACE 


About thirty years ago, the author of this papers shared the work in rickets 
for the first time with Dr. S. Izumi, Professor of Pediatrics, Kanazawa Univer- 
sity, Medical School, because of the prevalence of this disease in Hokuriku 
District. He then made a study of rickets in Germany with experimental 
rachitic rats in collaboration with Dr. P. Gyorgy, Professor of Pediatrics, Heidel- 
berg University, from 1932 to 1933. 

With such a background as mentioned above, and in pursuit of my studies 
on rickets in Tohoku District (North Japan) with a number of my colleagues 
since 1949, my attention was drawn to the following facts. Rachitic children 
come under our observation from out- and in-patients in our Clinic. Dystrophy 
is widely prevalent in this District, and it must be noted that it is frequently 
associated with rickets. They, rickets and dystrophy, therefore, are good sub- 
jects for a thesis, especially in Tohoku District. 

The studies attempted then were focussed on the following questions: 
Is “‘ Dystrophic Rickets”’ the characteristic pattern in Tohoku District? Ac- 
cording to the literature, tetany, manifest as well as latent, is to be found only 
rarely in Japan. Is it true in fact? Rachitic infants have been known to be 
particularly susceptible to intercurrent diseases. Is this also the case in Japan? 
Are there any other vitamin deficiencies other than avitaminosis-D in mal- 
nourished rachitic children? Are there available any effective measures easily 
applicable in treatment and prevention of rickets from the viewpoint of social 
medicine in rural communities ? 

These questions were analysed by animal experimentation, pathological 
anatomy, and from immunological and clinical standpoint. 

I am indebted to Dr. S. Kuriyama, emeritus professor of Tokyo Univer- 
sity, for providing me a vitamin study as my thesis thirty years ago. 

I am grateful to the contributors of the study, Dr. K. Ibuki and his 
members, the Public Health Section, Miyagi Prefecture, the authorities of 
Health Centers and Counties in Tohoku District concernd, in conducting the 
mass examination of well babies. Facilities, reagents and vitamin prepara- 
tions are provided by the following; Milk Product Companies of Morinaga, 
Meiji, Wak6éd6, Yukijirushi, Kurdba, Pharmaceutical Companies of Eizai, 
Takeda, Sankyo, Bayer, Shionogi, Fujisawa, Chiba. 

In conclusion, I would like to extend my deep appreciation to my col- 
leagues who participated in the work, and to the Japanese Ministry of 
Education for the grant in aid of scientific study, enabling me to perform 
these studies to present this supplement. My thanks are also due to Dr. S. 
Arai, Instructor, Mr. S. Goto, Misses H. Wada, J. Watanabe and K. Ebihara 
for their painstaking collaboration in publishing these papers. 


Department of Pediatrics, Tamotsu Sano, M. D. 
Tohoku University 

Medical School, 

Sendai, Japan. 

March 1956 








INTRODUCTION 


Studies of rickets in Japan can be traced far back to the Meiji Era over a 
half century. The first study was reported by Mr. M. Ochiai of the Medical 
School of Miyagi Prefecture, Sendai, in 1888. The second was that reported 
by Dr. S. Segawa in 1893 on two rickets cases, one in Sendai and another in 
Chiba. In the same year Dr. Miyake pointed out another case of this disease. 
Following these reports, the reports by Drs. Noda and Kamimura appeared 
in the literature. Rickets occurring in a mass in Kumanashi and Ronden 
villages in Toyama Prefecture in Hokuriku District was reported in 1906. 
This disease was then regarded by the public as a sort of “‘ rare disease of un- 
known origin,” and it was then studied systematically by Drs. Miwa, Karasawa 
(pediatricians), Kinoshita, Ogata (gynecologists), Tashiro, Nakahara (surgeons), 
and Hayashi (pharmacist) in Tokyo University. With a lapse of time rickets 
was found to be widely prevailing in Ishikawa, Niigata and Toyama Prefectures 
in Hokuriku District before the First World War, and in other parts of Japan 
after the War. 

Before the outbreak of the Second World War the rate of rickets prevalence 
in this country tended to be reduced. However, due to food shortage and 
economic difficulties caused by the last War, rickets again has increased in 
number. Rachitic cases are now reported one after another from pediatric 
clinics all over the country. There is hardly any place in Japan which has 
got rid of this disease. As clearly shown in Table 1, rickets is rampant especially 
in Sanin, Hokuriku, Hokuetsu and Hokkaido. Tohoku where these studies 
were performed, is one of these prevailing Districts. 
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Prevalence of Rickets in Japan 





District Reported by 


Hokkaido Y. Hiro, K. Masago 
S. Tasaka, M. Umezu 


T. Sano, 

J. Ishikawa 

H. Minamide 

T. Sano, J. Ishikawa 
T. Terai 


Tohoku T. Sano, J. Ishikawa 
M. Hirdka 
T. Sano, J. Ishikawa 
S. Saka 
T. Sano, J. Ishikawa 
T. Sano, J. Ishikawa 
T. Hoshi 
M. Tomoeda 

Kanto A. Kobayashi 


Y. Asada 


K. Iwakawa 


K. Iwakawa 
Hokuriku H. Wakui 
K. Uruno 


H. Wakui 
N. Yamada 
Y. Miyake 


T. Furukawa 
Y. Miki 


Kinki 


Y. Miki 

Y. Miyake 
Y. Matsui 
C. Tizuka 
M. Hotta 
K. Itami 


I. Yamauchi 
T. Matsuo 


Y. Kitamura 
N. Sueishi 
I. Hatamura 


vide p. 7 (Geographical illustration of Japan) 





Prefecture 


Aomori 


Iwate 


Akita 


Yamagata 
Miyagi 
Fukushima 


”? 


Saitama 
Tokyo 


Kanagawa 


Niigata 


Nagano 


Kyoto 
Osaka 
Hyogo 
Mie 
Shimane 
Tottori 
Okayama 


33 


Yamaguchi 
Tokushima 


Kitakyushu 
Kumamoto 


Year Rate (%) 


1949 13.5-35.5 
54 
1954 17.6 
1943 13.8 
1952 11.9 
e 13.4 
1954 8.7 
1954 33.1 
1952 30-50 
1954 13.7 
1954 16.5 
1954 13.0 
1954 3.2 
1954 11.6 
1954 1.8 
1935 12.8 
1935 31.0 
1936 32.1 
1954 5.0-13 (rural) 
10 (urban) 
1948 36.3 (spring) 
28.9 (autumn) 
1954 18.4 
1950 LS 
1951 6.1 
1951 i 
1953 10.9-12.1 


(winter) 


6.9 (summer) 
1953 11.8 
1953 17.0 
1951 4.5 
1953 12.5 
1953 13.3 
1933 21.0 
1951 27.0 
1951 9.1 
1953 2.6 
1953 6.7 


1951 32.0 
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clin. observ 
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X-ray 
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X-ray 

clin. observ. 
X-ray 
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clin. observ. 
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Remarks on the figures. 


The figures obtained under various conditions are indicated with the following symbols: 


light rickets with 


light rickets | Wischt dystroph 
Rickets in general a " A mete ‘ 
(including eutrophic severe rickets Soa x 


rickets & rickets in 
treatment) 

light dy I severe rickets with 
a| ——oney 6 A light dystrophy 


A light rickets with 
severe dystrophy 


Dystrophy in general 
severe dystrophy A 


Z rickets with dystrophy 


normal: © @ human & experimental materials 


line: Solid line should be used as usual 


These measures together facilitate the comparison of the figures with each other. 
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Incidence to Rickets 


INTRODUCTION 


According to reports on rickets in Japan, it has been said that this disease 
is prevalent in Hokuriku, Tohoku and Hokkaido, the northern districts, but 
few reports have been published in detail on it in Tohoku District. (Geographi- 
cal background of Japan is illustrated in Figures 1 and 2). Since the autumn 
of 1948, we have been conducting mass-examinations of infants and small 
children in this District and have collected data on the incidence to it here, 
as reported in summary in the following. 


Fig. 1 Fig. 2 
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Fig. 1. Geographical illustration of Japan, showing the position of 
Tohoku District. 

Fig. 2. Prevalence of Rickets in Tohoku District in percentage dis- 
tribution. 


METHOD OF INVESTIGATION 


In the period of about 5 years from January 1949 to November 1953, we 
made 107 mass-examinations of 30,399 infants below 3 years of age in 5 villages 
in aomori, 1 town and 5 villages in Akita, 1 city and 5 villages in Iwate, 8 villages 
in Yamagata, 4 towns and 4 villages in Fukushima and 2 cities, 6 towns and 
17 villages in Miyagi Prefectures, 58 communities in total. On these occasions, 
all children were subjected to X-ray examination of their wrists, for detecting 
rickets in them. In Miyagi Prefecture, one or two communities per area under 


Junichi Ishikawa M.D. (Department of Pediatrics, Tohoku University, Medical School, 
Sendai, Japan. Director: Prof. Tamotsu Sano). 
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8 J. Ishikawa 
the responsibility of Health Centers were selected as model infants health l 
areas, and activities have been conducted repeatedly in these areas for these 3 8 
years or more, in order to observe the progress of child hygiene, with emphasis \ 
on treatment and prevention of rickets. 
q 
REsuLTs OF EXAMINATION a 
1. Prefectures: (Table 2). The frequency of rickets among the examined b 
sucklings and infants was as shown in the attached table, averaging in total ( 
TABLE 2. By Prefectures in Tohoku District t 
il 
Prefecture Total | Rickets | % Severe Rickets | % 
Aomori 1.613 285 17.6 110 6.7 ( 
Akita 1.602 141 8.7 31 1.3 tl 
Iwate 2.998 402 13.4 71 2.3 . 
Yamagata 1.052 349 33.1 85 8.0 . 
Fukushima 2.386 394 16.5 34 1.4 . 
ti 
Miyagi 20.748 2751 [3.7 401 1.9 f 
Total 30.399 4322 14.2 732 2.4 
TaBLe 3. Model Area h 
7 
Total Rickets % Severe Rickets % 2 
1949 279 72 25.7 13 4.6 g 
1950 3509 689 19.6 90 2.5 | 
1951 3063 920 18.1 129 2:5 
1952 4549 526 11.5 110 2.4 , 
1953 1006 283 7.1 38 0.9 
Total 17.406 2490 14.3 380 2.2 | 
TasLe 4. By Geographical Distribution r 
C 
Geographical Total Rickets % Severe Rickets % 
District F 
Mountaneous 6156 1290 20.9 238 3.8 . 
District T 
Plain 5408 840 15.5 157 2.9 
Sea coast 4228 $27 10.0 71 1.6 t 
I 
TaBLe 5. By Communities 
a 
Communities Total Rickets 2% Severe Rickets % i 
r 
Cities 1820 141 i 7 0.3 f 
Towns 2193 419 19. 66 3.0 | 
Villages 3120 633 20.2 119 3.8 1 
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Incidence to Rickets ) 


14.2%, Yamagata showed the highest rate 33.1% and Akita the lowest rate 
8.7%. Among these, severe rachitic cases occupied 2.4% in total average, 
Yamagata showing again the highest rate of 8.0°{ and Akita the lowest of 1.3%. 

2. Model Areas: (Table 3). During the 5 years, the toal average fre- 
quency stood at 14.3%, of whom 2.2% were severe cases. The total frequency 
amounted to 25.7% in 1949% and that of severe cases to 4.6% in these areas, 
but the rates decreased year by year and came down to less than one-third 
(7.1%) in the total and to about one-fifth (0.9%) in severe cases. 

3. Geographical Survey: (Table 4). In the Mountane areas it showed 
the highest frequency (20.9% in the total and 3.8% of the severe cases), and 
in the sea coast the lowest. 

4. Communities: (Table 5). The frequency was the highest in villages 
(20.2% in total and 3.8% of severe cases), being lower in towns and cities, in 
the order named. 

5. Age: (Table 6). In Tohoku District, the frequency was the highest 
in 3.4 and 5 months after birth, running up at the highest to 77° and ranging 
around 30% in most cases. It decreases with monthly age there after, coming 
to less than 10° in most cases in infants over | year. Yamagata has the highest 
figure in almost all monthly age. 

In the model areas (Table 7), the tendency is much the same, being the 
highest in the earlier half of the suckling age, i.e., in the 2—5 months after birth. 
The maximum figures in all months appeared of course in 1949, fell thence 
gradually down and in 1953 reached the lowest figures. In this year, the highest 
grequency lay in the 4th month (25.3%), followed by the 2nd, and drops to 
less than 10°, after the 8th and:below 5% from the 11th month onward. 

6. Sex: In the prefectural statistics, the frequency was 15.1% in boys 
and 13.2% in girls, while in the model areas, the rate was 15.4% in boys and 
13.0% in girls, little difference in the Frequency being observed by sex. 

7. Feeding Method: (Table 8). Except in 1949, the frequency was the 
highest in artificially fed children, about 30% of them being diagnosed as 
rachitic. The frequency in mother-milk fed children is the lowest, reaching 
only half to one third of that of artificially fed children. 

8. Seasons: (Table 9). Incidence was the highest in winter (25.7%), 
decreasing in the order of spring, autumn and summer. Severe rickets also 
appears in the same order of frequency, being rampant in winter and spring and 
much more in abeyance in autumn and winter. 

9. Body Weight: (Table 10 & Fig. 3). The subjects were divided into 
the 4 classes of high (including the exceptional and high classes), medium, 
low and deficient (dystrophic), according to the standard compiled by Saito 
and Shimizu, and the frequency of rickets in children of these classes was studied 
in comparison. In all the classes, the frequency showed the highest in the 6th 
months and before, ranging around 30%, but as the age grows, the frequency 


falls gradually off to about 5% in the age over 2 years, except in the deficient 
« P, /O é D, b 


body weight group, where the rate does not necessarily decrease with age, re- 
maining in the high of about 30% in the age of | year 6 months. The rate of 
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TaBLe 7. By Age, Model Area 
1950 1951 1952 1953 
Age - - - - 
Total | Rickets 26 | Total Rickets 26 | Total | Rickets | % | Tote. |! Rickets | °% 
0 14 5 35.7 18 8 16.7 10 2 20.0 1 
1 88 27 30.6 82 31 37.8 84 17 20.4 91 18 19.8 
Z 132 41 31.0 147 75 51.0 177 54 30.5; 151 30 19.9 
3 145 31 21.3 | 180 76 42.2 206 61 29.6| 202 47 23.3 
+ 116 46 39.6 227 89 39.2 | 173 57 32.9| 162 41 23.3 
5 163 56 34.2 223 77 34.5 200 48 24.0 194 27 13.9 
6 153 40) 26.1 248 86 34.6 192 37 18.7 187 17 9.1 
144 36 25.0 216 55 25.4 199 25 12.5! 193 23 11.9 
8 160 17 29.3 209 42 20.0 175 24 13.6) 183 | 1] 6.0 
151 25 16.5 | 228 34 14.8 185 18 9.7 149 1] 7.4 
10 150 22 14.6 179 35 19.5 189 14 72 184 14 7.6 
1] 136 22 16.1 192 28 14.5 174 12 6.8 154 7 4.5 
12 161 25 15.5 207 21 10.1 161 12 7.4) 155 5 32 
13 158 27 17.0 198 27 13.6 145 1] 75 155 + 2.6 
14 152 26 17.1 181 22 12.1 173 12 6.9 164 3 1.8 
15 155 20 12.9 203 25 12.3 193 10 5.1 186 2 1.1 
16 159 30 18.8 177 26 14.6 211 11 52 168 ] 0.6 
17 155 26 16.7 199 16 8.0 225 15 6.6 184 6 3.3 
18 135 12 8.8 201 23 11.4 217 15 6.9 166 l 0.6 
19 15] rs 17.7 174 19 10.9 182 é 4.3 150 l 0.7 
20 155 22 14.8 159 15 9.4 183 14 7.6 141 3 2.1 
21 111 16 14.4 199 25 12.5 172 14 8.1 147 1 0.7 
22 103 17 16.5 165 16 9.6 168 8 4.7 93 ] 0.1 
23 102 12 11.7 154 15 9.6 162 8 4.9; 154 3 1.9 
24 260 31 11.8 697 39 a5 393 19 48| 292 6 2.1 
TaBLe 8. By Method of Feedings 
Method 1949 1950 195] 1952 
of | 
Feeding) Total | Rickets | 22 | Total | Rickets | 2% | Total | Rickets | 92 | Total | Rickets| 22 
Breast 914 59 | 27.5| 2697, 501 | 18.5 4022; 698 | 17.3, 3688| 386 | 10.4 
feeding | 
Mixed $2 11 21.0 656 157 23.9| 818 169 21.8| 677 105 15.5 
feeding 
Bettie 4 1 | 25.0! 103 32 | 31.0 178 | 32.0, 147| 42 | 285 
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TasBLe 9. By Seasons 








Season Total Rickets % Severe Rickets | % 
Spring 3.759 681 18.1 129 3.4 
Summer 10.306 1277 12.3 223 | > | 
Autumn 2.733 405 14.8 | 30 | 1.0 
Winter 279 72 25.7 13 | 4.6 


Tas.e 10. By Body Weight Classes 











Weight classes Age Total Rickets % | Severe Rickets 2 
0.0 yr. 1373 419 30.5 | 56 | 41 

0.6 — 1445 169 11.6 21 | 14 

High 1.0 — 899 65 72 | 3 | 03 
1.6 - 2605 178 6.8 15 | 05 

2.0- 779 39 5.0 | I Ol 

0.0 1770 550 31.0 76 4.2 

0.6 2402 337 14.0 | 46 1.9 

Medium 1.0 — 2392 196 8.1 | 18 | 07 
1.6 - 1912 164 8.5 27 | 14 

2.0 1214 80 6.5 10 | 08 

0.0 - 972 337 34.6 | 47 | 47 

0.6 — 1664 344 20.6 | 65 | 39 

Low 1.0 — 2056 234 13 | 24 
1.6 - 527 66 12.5 | 14 | 26 

2.0 — 910 70 7.6 17 | 18 

0.0 295 98 33.2 19 | 64 

0.6 - 524 144 74 | 52 | 99 

Dystrophic 1.0 - 402 74 18.4 | 32 | 7.7 
1.6 62 20 32.2 12 | 19.3 

2.0 | 181 41 22.6 | 19 | 15.0 


decrease is also not perceptible. Severe rickets is also high in frequency before 
6 months after birth, decreasing thence with age, but in the children of the de- 
ficient class, the frequency rather rises with age, reaching the high rate of about 
19% in the age of | year 6 months, the frequency of severe rickets in the class 
amounting to high values of 2 to 20 folds of that in the other classes. In short, 
the frequency of rickets shows little difference by body weight, except in the 
class of dystrophic children, where it mounts with age, especially in ages over 
] year, and the severe cases become particularly frequent. 

Upon comparing to frequency of rickets and dystrophy in the model health 
areas by calender years, we find both the diseases have decreased in parallel 
in these 5 years. (Table 11). 
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Fig. 3. Body weight class, as illustrated in Table 9. 


Taste 11. Model Area, Rickets and Dystrophy 





| l : l 
Year | Total | Rickets | 9% bane % Total | Dystrophy 2 
19590 | 3509 | 689 | 196 90 2.5 3640 | 235 6.4 
1951 | 5063 920 | 18.1 129 2.5 5319 410 7.7 
1952 | 4549 526 | 115 110 2.4 4282 | 206 4.7 
1953 | 4006 | 283 7.1 | 83 0.9 3903 | 206 5.2 


| 
| 


10. The Change in Frequency of rickets: (Tables 12, 13 & 14). Brought 
about by Improvement in Nursery Methods through advisory services. Dividing 
the areas where we have conducted advisory and training activities for improve- 
ment in child rearing usages into the groups A (4 years under our care), B (3 
years) and C (2 years), we find that in A group, both the total and the severe 
incidence has come down in 1953 to one-third of that of 1950. Comparing the 
frequency in 1953, it is found to be the lowest in A group, where our guiding 
activity has been repeated for the largest number of times, and the highest in 
C group the newest to come into the scope of our activity. The frequency of 
severe rickets, however, is the lowest in C group. This indicates that, by re- 
peated advisory courses, the total frequency of rickets may be perceptibly re- 
duced, but for reducing the frequency of severe one, a longer time is required. 

The frequency of rickets by years in the A group, consisting of 6 villages, 
in which such advisory and training activities were undertaken during to 4 
years of 1950 to 1953, shows that both the total and the severe rickets incidence 
was the highest in 1950, while in 1953, almost all the villages showed the lowest 
incidence in their annals. The incidence to severe rickets alone, however, was 
nearly constant in the first 3 years, but fell markedly in 4 of the 6 villages in the 
last year 1953. 

The same may be said of the 4 areas, where such activities were deployed 
in the same season (July-August), for 3-4 consective years. 































Discussion 


There have been reports from all the parts of Japan on the incidence to 
rickets in the respective districts, and has become known that the disease is in 
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nation-wide prevalence. The highest frequency by prefectures in that in Hok- 
kaido (35.5 according to Hiro), followed by 32% in Kumamoto (Hatamura) 
and 30% in Niigata (Iwakawa and Wakui), and lowest in Tokushima (2.6%, 
according to Kitamura). In Tohoku District, the figures range between 33% 
in Yamagata and 8.7% in Akita, showing that this District is an area of high 
prevalence. By monthly age, the previous reports may be divided into 3 
groups of those locating the highest frequency in sucklings around 4 months 
in the latter half of the suckling age and in age between 12 and 18 months, 
but the reports asserting the prevalence of rickets in younger sucklings are 
mostly based on data from non-selective materials. Our results have been also 
obtained with non-selective subjects and reveal the high prevalence of rickets 
in young infants. 

By method of nutrition, most reports have pointed out the high frequency 
of rickets among artificially fed children, and our results have led to the same 
conclusion. 

Izumi has reported that severe rickets is rather frequent in Japan, stating 
that among the rachitic out-patients to Niigata University Hospital, 28.7% 
were severely afflicted. Our results showed that of all the examined children, 
2.4%, or of the 4,322 rachitic children, 732 or 16.7%, were found severely rachitic. 
In Aomori Prefecture, 6.7°{ among the total examined cases, or 110 or 38.5% 
of the 282 rachitic children were of severe cases, and we can say severe rickets 
is rather prevalent in this District too. 

By body weight classes, on the contrary of the common idea that where 
growth is good there is rickets, we found many rickets in unfavorable growth, 
and in particular, severe rickets is rampant among dystrophic children, clearly 
revealing the close relation between rickets and dystrophy. 


CONCLUSION 


In Tohoku District, the frequency of rickets by prefectures ranges between 
33.1% and 8.7%, averaging 14.2% in total. The frequency is particularly 
high among dystrophic children, and severe rickets is also especially prevalent 
among these. Measures for prevention of rickets constitute a leading problem 
in child hygiene in Tohoku District, but we are sure the prevalence of this 
disease can be gradually suppressed by continued activity in advisory and 
supervisory services regarding infants and child care. 
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Some Factors Affecting the Frequency of Rickets 


INTRODUCTION 


As pathogenic factors of rickets, the enivironmental factors in infantile life, 
including food constituents, inorganic salts, especially calcium and phosphates, 
the conditions of the organs concerned with absorption and excretion of oil 
and fat, in particular the vitamin D contained therein, the morbid predisposition, 
the maturity at birth, the bodily growth, the mode of feeding, ultraviolet rays 
etc. are enumerated, and it goes without saying that it is of high importance 
for the prophylaxis and the treatment of rickets to make researches into how 
these factors affect the frequency of the disease. The author of this paper 
selected his subjects diagnosed as rachitic by roentgenograms of the wrist-joint 
from among 5,135 infants under 2 years of age, mostly natives of 18 towns and 
villages in Miyagi Prefecture, and made dynamic investigation of their mode 
of feeding, nutrition, body weight at birth, use of ‘‘ Ejiko”’ cradles, age by 
months and the month of their birth. The results are reported in summary in 
the following sections. 


Statistical Results 


1. Morbidity by sex: As shown in Table 15, the cases showing positive 
(the terms rickets hereafter always stand for suspected cases roentgenographic 
figures of rickets, including mild and doubtful cases, counted 392 among the 
total of 2,484 boys examined (15.8%), and 360 among 2,336 girls (15.4%). 
No stoichiologically significant difference was found between male and female 
frequency. 

2. Body weight at birth and frequency: As shown in Table 16 and Fig. 4, 
of 5,042 cases examined, were found rachitic among the 152 who weighed more 
than 4 kg at birth, 22 or 14.5%, including cases suspected of rickets, 459 or 17.3%, 
among 2,642 or 3.5-4 kg at birth, at birth, 2.5-3 kg, and 211 or 19.3%, among 
1,094, while 52 or 18.8 had rickets among 277 of weight at birth lower than 
2.5kg. The percentages of the serious and the moderately serious cases totaled 
8.6% in the group where the birth weight was higher than 4 kg, 11.0% in the 
group where it was 3.5-4 kg, 10.7% in the cases where it was 3-3.5 kg, 12.5% 
in the cases where it was 2.5—3 kg and 15.2% in the cases where it was less than 
2.5 kg, the last group showing a particularly high frequency. 

3. Modes of feeding and rickets: The results of investigation of the fre- 
quency of rickets by difference in the mode of feeding up to the 6th month after 
birth are shown in Table 16. Of the total of 5,135 cases examined, 67 rachitic 
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Taste 15. Frequency of Rickets by Sex 

Grade of Rickets; ++ oh + = | — | 

a) . Total | “Total_| yo, | 

A I — Sh i . | 
Age im | Sex | NO. | No. | No. 96 |No. 2% |No. 2% |No. 9% | | Total 

a cases | Cases : | | 
a.) 2 11 | 11 54 | 17 88 | 13 64 | 41 202| 162 203 
2 l 4 5 23 | 16 74 | 21 97 | 42 19.3] 157 217 
se ie 3 | 15 | 18 5.4 | 57176 | 21 74 | 96 288| 238 | 334 
g 2 3 5 14 | 69226 | 25 7.1 | 99 282} 251 | 350 
«1» 6 6 | 12 38 | 23 7.2 | 19 60 | 54 169} 265 | 319 
| 9 2 | 12 | 14 40 | 22 62 | 22 62 | 58 164) 295 | 353 
ose. | ¢ 2 3 | 5 16 | 15 47 | 18 57 | 38 119] 280 | 318 
2 6 4/10 31 9 28 | 15 46 | 34 10.5] 289 | 325 
13-18 | 3 5 3 | 8 12 | 36 55 | 52 80 | 96 14.7] 558 | 654 
2 4 3 7 11 | 23 3.7 | 44 7.0 | 74 11.8] 552 626 
19-2 | 8 5 4 | 9 11 | 21 3.5 | 37 61 | 67 110) 539 | 606 
Q 3 3 | 6 13 | 18 39 | 29 62 | 53 113| 414 | 467 
Teta 6 | 21 | 42 63 25 |129 52 |160 64 |392 15.8/ 2092 | 2484 
ss 9 | 18 | 29 | 47 21 |157 6.7 |156 7.7 | 360 15.4 | 1976 | 2336 

TaBLE 16. Frequency of Rickets by Modes of Feeding, Body Weight 
at Birth, Nutrition and Use of Ejiko 
Grade of rickets at 4+ + | _ 
Total ~ Total | 
No. | No. | No. % No. % | No. % | No. % | No. | Total 
caees | Cases | Cases cases cases was | Cases Sh. | cases | 

© | Mother’smilk! 9 | 47 | 56 14 | 352 85 265 6.4 | 673 16.3 | 3466 139 
2.£| Mixed fed 22 17 | 39 48 70 86) 54 6.7 | 163 20.7| 647 | 810 
£¥ | Artificial 17 | 10 | 27145 | 27 145) 14 7.5! 68 378] 118| 188 
§= | Total 48 | 74 | 122 24 | 449 87 | 333 6.5 | 904 17.6 | 4231 | 5135 

a ee —_—- 
x | Above 4kg | 1 | 2 | 3 20/ 10 66) 9 59| 22 145| 130) 152 
0 | 4—3.5kg 4 7 | 11 13) 8 97) 63 7.2| 59 182] 718| 877 
$ | 3.5—3kg 23 | 33 | 56 21 | 228 861175 66} 59 17.3 | 2183 | 2642 
| 3—2.5kg 11 | 24 | 35 3.2 | 102 9.3) 64 67] 11 19.3| 883 | 1094 
= | below 2.5kg | 5 8 | 13 47 | 29 105| 10 36) 42 188} 225] 277 
| Total | 44 | 74 | 118 24 | 454 9.0 | 331 66] 03 17.9 | 4139 | 5044 
ae a Ht 4 | 22 16} 15 60| 22 88 | 41 16.5 | 208| 249 
s | 4 6 | 16 | 22 1.7 | 107 84) 93 7.3 | 222 17.5] 1049| 271 
Sg! + 9 | 20 | 29 14 | 197 9.4 | 133 6.3 | 359 17.0 | 1757 | 2116 
=| - 20 | 23 | 43 3.5 | 112 91 71 5.7 | 226 18.6 | 1008 | 1234 
3 | ‘ 13 | 10 | 23 89) 31 119) 17 66) 71 274) 188] 259 
2 | — Total 48 | 73 | 121 26 462 9.0 | 336 6.6 | 919 17.9 | 4210 | 5129 
s%| Ye i9 | 22 | 41 49! 77 92! 63 7.5| 181 216| 656| 837 
yi | No 25 | 47 | 72 2.0 | 327 9.1 243 6.4| 642 17.6 | 2959 | 3601 
SS) Total 44 | 69 | 113 2.5 40¢ 9.2 306 6.9 | 823 18.5 | 3615 4438 


cases were found among 4,139 children fed on mother’s milk (16.3%), 163 
among the 810 mixed-fed children (20.7%) and 68 among 186 children artificially 
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When the serious and the moderately serious cases alone were 


taken into account, 9.99% were found to be among naturally fed children, 13.4% 
among mixed-fed ones and 29% among artificially fed ones, the percentage 
rising in the order named and the last group showing a particularly high per- 


Nutrition and frequency of rickets: 5,129 cases examined were classified 
into the groups of Superior (++), Good (+), Satisfactory (+), Unsatisfactory 
‘—) and Bad (=) in nutrition, according to Saito’s standard. As illustrated 


) 


in Table 2 to results showed that, there were 41 or 16.5% of rachitic and rickets- 
suspect cases, diagnosed roentgenogrammatically, among 249 superior fed 
children, 222 among good nourished children (17.59%), 359 among 2,116 satis- 
factory nourished children (16.9%), 226 among 1,234 unsatisfacotry nourished 
group (18.6%) and 71 among 259 badly uriderfed children (27.4%), the rachitic 
cases rising gradually in frequency, as nutrition becomes poor. When the 
serious and moderately serious cases alone are taken into account, the per- 
centage stands at 7.6% in the superior grup, at 10.1% in the good group, at 


/O 


11.1% in the satisfactory group, at 1.26% in the unsatisfactory group and at 
20.8°, in the bad group, the last two groups showing in obvious high frequency. 
The first two groups showed low percentages. 

Use of Ejiko cradles and frequency of rickets: Among 4,438 sucklings 
and infants under 2 years of age, 837 or 19% were found to have been nursed 
in *‘ Ejiko ” or the round straw cradles in which babies are placed in sitting 
Among them, 181 or 21.6°%% were diagnosed rachitic, while among 
3,601 who had no experience of being in an Ejiko, 642 or 17.8% had rickets. 
The frequency was a little higher among the Ejiko-nursed. 

Age by months and frequency of rickets: As shown in Table 17, among 
5,135 children under 2 years of age, there were 22% of rachitic and rickets- 
suspected cases in new-borns in the first month after birth, 37.9% in those in 
the 2nd month, 33.1% in the 3rd month babies, rising to the maximum of 


/O 


38.8% in those in the 4th month, falling month by month till it was 10% in 
the babies older than 9 months of age, fluctuating in a zig-zag curve thereafter. 
Month of birth and frequency of rickets: As shown in Table 18, of | 
4,933 cases examined by the month of birth, the frequency among the babies 
under 12 months of age stood at 11.1% for those born in November, 19.9% 
for those born in December, 22.1°% for those born in January, 26.0%, for those 
born in February and reached the maximum of 28.6% for those born in March, 
The percentage then kept on falling till it was 10% in group of babies born in 
The results of monthly examination of sucklings 3 months old at 
Kakuda, Miyagi Prefecture, showed that the frequency among 3 month-babies 
stood at 40.0% in those examined in November, 52.3% at the December ex- 
amination, 69.6% at the January examination, and the maximum of 76.2% 
at the examination in February. The rate fell thence month by month till it 
reached the minimum of 30.8% at the examination in July. (Fig. 4). 





20 


TABLE 17. 


S. Ito 


Frequency of Rickets by Age 
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10 20 30 40 50 60 70 60 %| No |Rickets % 
I 23 | 69.6 
a J Zi | 76.2 
a 26 | 61.5 
W 27 | 51.6 
¥ 29 | 36.0 
WwW 26 | 34.6 
Ww 26} 30.6 
x 23 | 34.6 
p. | 20 | 40.0 
x 21 | 52.3 
Total 242| 46.3 














am+ Cot 
Fig. 4. Frequency of rickets by month of the year in infants, 3 months 
of age. (Kakuda, Miyagi Prefecture, 1952) 


SUMMARY AND DIiIscussION 


1. Frequency by sex: Among 4,820 sucklings and infants under 2 years 
of age, 15,0% were found to be rachitic boys and 15.4% rachitic girls no signifi- 
cant difference being observed by sex, as has been generally accepted hitherto. 

2. Body weight at birth and frequency of rickets: It has been generally 
accepted hitherto that children born prematurely have little calcium in reserve 
at the time of birth and yet make large claim upon calcium to meet the active 
metabolism and rapid growth, and consequently are apt to be rachitic. Shio- 
mi has reported the frequency .of 44.2%, among newborns whose birth weight 
were below 2.5 kg and of 42.9% among those whose birth weight were between 
2.5 kg and 3kg. Uruno has found rickets in 63.5% of babies born below 2.5 
kg in weight, in 33.3% of those between 2.5 kg—3 kg and in 28%, of those over 
3kg at birth. Hiro et al. reported on a frequency of 20%-30% in children of 
birth weight above 3 kg and of 40%-50% in those below 3 kg in weight. In 
my investigation, the frequency was particularly low in the group of babies 
more than 4 kg in birth weight, amounting only to 14.5%, but in the groups 
below 4 kg in weight, it ranged between 17.3% and 19.3%, showing little dif- 
ference between the groups. But when serious or moderately serious rickets 
are taken into consideration, the lower the birth weight, the higher the frequency : 
in the group of babies more than 4 kg in birth weight, the frequency at 8.6%, 
but in the group of babies below 2.5% in birth weight, it starts at 15.2%. The 
difference here is rather high and seems to incdiate that the babies born sub- 
normally low in body weight are under the risk of suffering from serious rickets. 

3. Modes of feeding and frequency of rickets: It has been reported that 
the mode of feeding is closely related with rickets and that rickets is more frequent 
in the artificially fed and less so in mothers’ milk fed children, as shown in the 
table below. Maki’s data obtained at Dairen alone indicate higher morbidity 
in mothers’ milk fed children. In the present investigation made by the author, 
the susceptibility to rickets is clearly higher in artificially fed children than than 
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Taste 19. Difference of Rickets Prevalence According to Feeding Method 








Pees — Mixed Bottle District 
eeding feeding feeding examined 
1933 Itami 17% 31% 50% Okayama 
1936 Ichikawa 12%, 8.7%, 2.3% Tohoku 
1947 Uruno 24.3%, 12% 80% Hokuriku 
1951 Maki 21.9% 3.2%, 5.8% Dairen 
1951 Hiro 40.7°%, 53.6% 57.2% Hokkaido 
1952 Ito 16.3% 20.7%, 37.8% Miyagi 


Prefecture 


in naturally fed ones, and it is especially so in heavy and moderatedly heavy 
cases, 9.9% being found in the mothers’ milk fed group and 13.4% in the mixed 
fed group, while in the artificially fed cases, it is 29.0% which is markedly higher 
than those in the former groups. This result is noteworthy, as it seems to 
tell clearly of the backwardness of the agrarian villages in Tohoku District in 
formation on child hygiene and of low level of economy which results in poor 
living environment for babies and infants. It is necessary for Tohoku District 
to get better schooling on nursery matters. 

4. Nutrition and frequency of rickets: Rickets has been considered to 
be essentially a malady accompanied by chronic dystrophy, and the reports 
in the past tended to agree with this point of view. For example, Ichioka stated 
the percentage of dystrophic cases among rachitic patients was 64%, and 
Ichikawa gave the figure at 56.1%, Amago at 25.8% and Hiro at 48%. Prof. 
Sano has proposed the classification of rickets into eutrophic rickets and dys- 
trophic rickets, and pointed out that the rachitic cases found in Tohoku District 
are mainly of dystrophic nature and that special attention should be given to 
this point in giving instructions concerning child hygiene in this District. In 
my investigations too, the group of dystrophic children showed a high percentage 
of 27.4% of roentgenographically positive cases of rickets, a percentage clearly 
higher than that in any other group. It is particularly, to be noted that while 
only 7.6%, 10.1% and 12.6% of the nutritionally superior, good, satisfactory 
and unsatisfactory groups respectively were found to be suffering from serious 
or moderately serious rickets, it was 20.8% in the group of bad nutrition, showing 
a highly perceptible difference. 

5. Use of * Ejiko ” and frequency of rickets: Recently, the use of ‘* Ejiko ” 
cradles has become less and less frequent in Miyagi Prefecture year by year, yet 
among 4,438 babies examined in 1952, 837 or 19° had the experience of being 
nursed in ‘ Ejiko.” This traditional straw cradle makes us recall the exces- 
sively heavy outdoor labor of house-wives, the interference of aged grandparents 
in the matter of child nursing and the extremely unhealthy structure of the 


houses in which sunlight scarcely comes into the interior in the farming country- 
side in Tohoku District. In the investigation on the subject conducted by Hiro 
et al. in Hokkaido, the frequency of rickets was found to be at 33.59% among 
255 infants who had been nursed in “ Ejiko”’ but it was at 18.8% among 319 


infants who had no experience of being nursed in ‘‘ Ejiko.”” They asserted that 
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here was clearly seen the detrimental effect of Ejiko, but Izumi, Katayama and 
Ishida reported that the frequency of rickets was not affected by the use of 
“ Rjiko.” In my investigations, the rate of rickets was 21.6% among 837 
* Kjiko ” nursed infants and 17.8%, among 3,601 infants free of the experience, 
so that somewhat a higher rate was found in the former group. 

6. Age by months and frequency of rickets: Concerning the subject, 
Ichikawa has reported that among outpatients of this University Hospital rickets 
is most frequent in those under one year of age, and Prof. Sano reported that 
the rate was highest in those 10 months of age among the expatients of a hospital 
in Kanazawa. Kata and Wakui place the maximum frequency in those 4-12 
months old and the investigation conducted by the Hokkaido Prefectural Govern- 
ment revealed that babies 7—11 months old showed the highest frequency. ‘The 
results of mass examination of 2,353 children in Hokkaido made by Hiro et al, 
using roentgenograms showed, according to their report, that the frequency 
rose abruptly in the second months after birth, the children 5 months old showing 
the highest rate of 60.6%, the frequency being generally high in children 2-8 
months old. In Germany, Scheer says in the report published by the Public 
Health Administration in 1950, that the percentage of rachitic children among 
2-4 month old children was 66.3°%, and in 9 month babies it rose as 92.8%. 
From the results of pathological obductions of children’s corpses, Schemol 
demonstrated rickets in 60.6% of babies 4—6 months old and 97°, of those 4-6 
months old. The investigations by the present author who chiefly relied on 
roentgenographic findings of the distal epiphyses of the radial and the ulnar 
bones, showed that the babies 4 months old gave the highest frequency of 
38.8%, and the frequency ran comparatively high during the 2nd to 6th months 
after birth, thence it gradually fell in zig-zag fluctuation, till it remained con- 
stant nearly at 10% from round the 12th month. This result is in fairly good 
agreement with that obtained by Hiro, etc., in Hokkaido, but seems to indicate 
a tendency somewhat dissimilar to that observed in Germany. 

7. Months of birth and frequency of rickets: As far as I am aware, no 
report has been made on the subject. In my investigation with 4,933 children 
in Miyagi Prefecture as subjects, the frequency was highest in babies born in 
March (28.6%), and the sucklings born between December and June showed a 
relatively high percentage. This result was obtained from the date collected 
at the mass examinations conducted in various places from April to October 
in 1952, so that the data between November and the following March are lacking. 
Moreover, the preceding tendency of morbidity by monthly age strongly comes 
into play here. For a right elucidation of this problem, therefore, I consider, 
we should rely more on the results of overall monthly examination of babies of 


a fixed monthly age, say, 3 months, as has been conducted at Kakuda-machi. 
The results there showed that the 3 month babies born in October (examined 
in the following February) gave the highest percentage of 69.6%, thence the 
frequency fell till it came down to the minimum of 30.8% in the 3 months babies 
born in July and examined in October. By the season, the frequency tended 
to be high in babies born in autumn and winter and comparatively low in those 
born in spring and summer. 
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CONCLUSION 


1. In the above, the author has reported on the results of his investigations 
conducted in 1952 and 53 with 5,135 babies under 2 years of age as subjects 
in various localities in Miyagi Prefecture, on the influences of sex, body weight 
at birth, modes of feeding, nutrition, monthly age, months of birth and the 
use of ‘‘ Ejiko ” cradles on the frequency of rachitic. 

2. The frequency shows no significant difference by sex. 

3. In the group of babies that weighed less than 2.5 kg at birth, the fre- 
quency of serious rickets was particularly high, being 15.2%, while of those 
with more than 4 kg birth weight only 8.6°% were found rickety. 

4. Of the different modes of feeding, the frequency of rickets rose in the 
order of mothers’ milk fed, mixed-fed and artificially fed groups, and in particu- 
lar, the serious and moderately serious rickets cases were found in the percentage 
of 10% among the naturally fed babies, of 13.5°% among the mixed fed babies 
and of 29% among the artificially fed babies, showing perceptible graduation. 
This result seems noteworthy as showing the poverty in informations on matters 
regarding child feeding and in the living environments of the children in To- 
hoku District. 

5. The children for whom Ejiko cradles had been used in their nursing 
show somewhat a higher frequency of rickets among them than those who had 
no experience of such primitive cradles. 

6. By monthly age, the frequency was the highest among children 4 months 
old rising to 38.8%. Generally speaking, the frequency was relatively high in 
babies between 2 and 5 months old and gradually fell off thereafter. 

7. By months of birth, the maximum frequency was found in the babies 
born in October and the minimum in those born in April. The tendency was 
for high frequency in babies born in autumn and winter and for low frequency 
in those born in spring and summer. 

8. In summarizing such results of my investigations on some factors 
affecting the frequency of rickets among the sucklings and small infants in To- 
hoku District, I am led to conclude on the desirability of effecting measures 
for preventing rickets in immaturely born babies, for dissemination of knowledge 
on better artificial feeding methods, for prevention of rickets in babies in their 
early months of age and for combating prevalence of rickets in children born 
in autumn and winter, in the cause of minimizing the frequency of rickets in 
this District. 
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Rickets Found at Mass-examination of 


Infants 


INTRODUCTION 


The leading symptom of rickets consists in disturbed ossification of bones, 
and the final diagnosis of it must depend on the results of pathohistological 
examination of the various parts of the skeleton, but such an examination is 
impracticable in living subjects. Many a method, therefore, has been devised 
and reported for diagnosing rickets in a more practical way. It cannot be 
gainsaid that the method of evaluation by means of X-ray photographs is superior 
to any other method in diagnosing rickets in living patient. In particular, 
when collective examinations of babies are undertaken, the method of diagnosing 
rickets must be easy to operate, while data susceptible of objective evaluation 
and of indefinite preservation must be obtained thereby. Moreover, a method 
relying upon the results of ocular inspection and palpation is apt to be affected 
by the subjective judgement of the diagnosing physician and mild pathological 
changes may be frequently overlooked. 

Of course, even when roentgenographic examination is applied, slight 
rickets is often difficult to evaluate precisely, but clinical symptoms and the 
results of tests for the serum inorganic phosphorus and phosphate contents 
may come in help to make decisions on such dubious cases. It is difficult to 
examine many babies collectively at any place and time convenient and to obtain 
precise findings for sure diagnosis of rickets with comparative facility, if we 
rely merely on physical findings. It seems that new initiative and studious 
efforts are yet required for improving such diagnosing methods. 

At the mass examinations of babies and infants we have conducted, we 
have always striven to make clear of the anamnesis and the present general 
conditions of the examined subjects, while making roentgenographic records 
of the distal ends of the radial and the ulnar bones, including the carpal bones, 
to mark off rachitic children, according to the evaluation by Prof. Sano, who 
has instituted such a system of mass examinations of small children in Tohoku 
District. As visual and tactile symptoms, we chiefly paid our attention to 
anomaly in head types, craniotabes, conditions of dentification, anomaly in 
bodily movements, anomaly in the thoarx, rosaries, Harrison’s grooves, inflated 
abdomen, swollen epiphyses, curved vertebral column, curved limbs, restriction 
in opening out the coxal joint, bandy legs, flat feet, easy sweating, nervousness 
etc. Such symptoms were carefully examined and recorded. 


Sukeo Ito, M.D. (Department of Pediatrics, Tohoku University Medical School,3Sendai 
Japan. Director: Prof. Tamotsu Sano) 
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It 1952, the present author was granted to conduct specially minute ex- 
aminations of 1,452 sucklings and infants below 2 years of age in Miyagi Pre- 
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fecture, and make a comparative study on the results of visual and tactile ob- 
servations and of the evaluation of rickets by means of roentgenograms of the 
distal epiphyses of the radial and the ulnar bones. I will hereunder publish 
the data obtained as summarized in Table 19, giving some general comments 
on the individual findings. 


The Author’s Findings 


1) Anomaly of cranium: Among the 278 cases found rickets positive 
upon X-ray examination of the distal ends of the radial and the ulnar bones. 
In my studies reported hereunder, rickets or rickets positive means always 
diagnosed as suffering from rickets by such roentgenographic examinations. 
51 or 18.39% were found to have anomalies in their cranial form, mainly con- 
sisting of lateral asymmetry, flat occiput ahd square head. By monthly age, 
such anomalies were most frequent in babies between 4 and 6 months, accounting 
for 31.4% and in infants over | year the percentage came down to 6-7%,. 
Among the roentgenographically rickets negative children, only 2.6% of the 
1,174 tested cases showed any cranial anomaly, and in every group by monthly 
age, the frequency of such anomalies was always perceptibly higher among 
the rickets positive group. 

2) Craniotabes: Among the same rachitic subjects, craniotabes was 
found in 29 or 10.4% and among the 1,174 non-rachitic cases, 60 or 5.1%. 
By monthly age, the frequency of this disease was the highest in sucklings below 
3 months, standing at 36.2% in rickets positive and at 39.2% in negative cases, 
but in the age groups between 7 and 18 months, the percentage ranged between 
13.9% and 7.7% in rachitic, while it stood between 1.8% and 0.3% in non- 
rachitic subjects, the frequency being found always higher in the roentgeno- 
graphically positive than negative subjects. 

3) Rosaries: These were most frequent among sucklings below | year 
and in particular in babies below 3 months, amounting to 75.0% in the rachitic 
and to 32.0% in non-rachitic groups. The frequency fell off as the age advanced, 
and among all the roentgenographically rickets positive children below 2 years, 
the total percentage stood at 39.2%, but even among the sucklings and the 
infants of the same age found roentgenographically negative in rickets rosaries 
were demonstrable in 20.4%. 

4) Harrison’s grooves: Among the 278 roentgenographically rickets 
positive cases, Harrison’s grooves were found in 106 or 38.2% and among 
the 1,174 non-rachitic children in 239 or 20.4%. The highest frequency of 
56.9% was found in the group of rickets positive sucklings between 4 and 6 
months, and among the rickets negative cases too, the grooves were found in not 
less than 33.7% of those between 7 and 9 months of age. 

5) Swollen distal ends of the radial and the ulnar bones: 17.6% of the 
roentgenographically rickets positive cases and 3.6% of the negative cases had 
such swellings. By age, the babies between 4 and 6 months showed the highest 
frequency, the percentage rising to 29.4% in the positive and to 9.8% in the 


negative groups. 
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6) Miscellaneous findings by inspection and palpation: Beside the above, 
data upon the frequencies of thoracic anomalies, swollen abdomen, curved 
spinal column, curved limbs, hooked feet, flat soles, restricted coxal opening, 
easy sweating and nervousness were compiled, partly, under the cooperation 
of orthopedists. As shown in the attached Table 19, among 278 cases roent- 
genographically positive in rickets, 17 or 6.1°% and among 1,174 rickets negative 
cases, 102 or 8.7% had anomalies in their thorax. The percentages were re- 
respectively 4.0% and 2.6% for curved spinal column, 6.5% and 4.0% for 
curved limbs, 8.3% and 19.9% for hooked feet and flat soles, 9.0% and 16.4% 
for restricted opening of the coxal joint and 32.0% and 31.8% for easy sweating 
among rickets positive and negative cases. 


SUMMARY AND DIscussION 


1) On cranial anomalies: The frequency of anomalies of the cranial 
outline due to the softening of the cranium in rickets has been reported as standing 
at 74.9% by Ichioka, at 21.1% by Ichikawa and at 50% by Hiro et al. The 
present author’s investigations has revealed that the over-all percentage among 
the 1,452 babies below 2 years tested amounted to 18.3%, while by monthly 
age groups, the rachitic sucklings between 4—6 months showed the highest fre- 
quency of 31.4%, the percentage falling off later, to come down to 6% or 7% 
in rachitic infants over | year. On the other hand, among the nonrachitic babies 
the average frequency was only 2.6% and in all the age groups, these showed 
markedly lower rates of cranially deformed cases among them than the rachitic 
cases, so that a deformity of the cranium may be taken to provide a finding 
highly serviceable in diagnosing rickets. 

2) On craniotabes: Craniotabes is commonly accepted as an_ early 
symptom of infantile rickets, but there are discrepanies in the opinions on the 
essential nature of this disease. Hottinger’s pathohistological researches led 
him to assert it to be a symptom of rickets, but Kasawara opines that it represents 
non-rachitic local porosis with or without complication of cranial rickets in 
most cases. Iwakawa and Izumida have reported that the interrelation between 
rickets and craniotabes rises with the advance of the monthly age, and Hiro 
et al. that the disease is found in 12.6% among roentgenogrammatically rickets 
positive and in 6% among negative cases and that rickets and craniotabes show, 
the percentage of coincidence of 60%. In my study, the disease was found to 
be particularly frequent among sucklings under 3 months, the rate standing at 
36.2% among rachitic and at 39.2°4 among the non-rachitic cases. This seems 
to indicate that the cases of craniotabes among sucklings of this age group in- 
clude many cases of non-rachitic porosis of the cranium. Among the babies 
between 7 and 18 months, the frequency of craniotabes fell down to 1.8-0.3% 
among the non-rachitic cases, but remained at the much higher levels of 13.9- 
7.7% among the rachitic cases, suggesting a closer correlation of the disease to 


rickets in the higher monthly ages. 
3) On rosaries: Rosaries are reported as symptoms most frequently ob- 
served in rickets. Fushiki has reported a frequency of 48.1% and Hiro ¢¢ al. 
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of 36% among the examined babies, that is of 56.4% among the rickets positive 
and of 35.6% among the negative cases. Ichioka reports rosaries in 96.6% 
of rachitic children, Masago in 75.6% of roentgenogrammatically rickets positive 
and in 51.4% of negative cases. Masago also states that such results shown 
the low reliability of rosaries as a symptom to decide rickets, but that the severer 
the grade of rosaries, the higher rises their coincidence with rickets. In my 
investigations I found that the frequency of rosaries was high in sucklings below 
one year and especially in those below 3 month, rising to the maximum of 75.0% 
in rachitic and of 32.5% in non-rachitic babies. The percentages lower as the 
monthly age advances, and the average of all the age groups stood at 39.2% 
in rickets positive and at 20.4% in negative cases. On the other hand, I found 
rather often cases where the rachitic manifestration of the wrist-joint had already 
turned negative on their roentgenograms, the rosaries were still evident. Thus, 
we must take care in diagnosing rickets from the existence of rosaries in babies. 

4) Harrison’s grooves: Fujii found such grooves in 78.4% of 66 sucklings 
and infants tested, Masago e¢ al. in 14.1% of 297 cases, Ichioka in 78.4% of 
rachitic children and Hiro e¢ al. in 14.8% of roentgenographically rickets positive 
and 8.8% of negative cases. In my observations, the frequency was the highest 
among the rickets positive cases of 4-6 months, amounting to 56.9%. In the 
negative cases also, the frequency rose to 44.3% in the babies of 7-9 months. 
The total percentage in the 278 rickets positive cases of all age groups was 38.2% 
and in 1,174 negative cases 35.0%. The results seem to suggest the low reliability 
of Harrison’s grooves for diagnosing rickets. 

5) Swelling of the distal ends of the radial and the ulnar bones: Ichikawa 
has reported the frequency of such swellings of 54.5% in rachitic children, Uruno 
of 20% and Hiro et al. of 16.7% in roentgenographically rickets positive cases 
and of 7.1% among all the tested children. In my investigations, I found the 
frequency was high among babies 4—6 months old, amounting to 29.4% in rickets 
positive and 9.8% negative cases. The total frequency in the tested children 
below 2 years was 17.6% in rachitic and 3.6% in non-rachitic cases. This shows 
that the swellings in the ends of the radial and the ulnar bones can furnish 
reliable bases for diagnosing rickets. 

6) Miscellaneous outward symptoms: Swollen abdomen and proneness 
to sweating were both found in the frequency of around 30% in all the tested 
babies and no particular correlation of these symptoms with rickets could be 
established. Anomalies in the thorax, curved spinal column and extremities 
were confined to severe rickets but the total frequency was low among children. 
Hooked feet, flat soles and restricted opening of the hip-joint could not be cor- 
related with rickets either, as shown in the attached table. 

In short, roentgenographic examination of bones is of highest importance 
for ascertaining existence of rickets and must be adopted at mass examinations 
in the face of all difficulties attending its practical application. Hoping for 


a method of diagnosing rickets by inspection and palpation alone. Hiro e¢ al. 
in Japan and Schultze etc. in Germany have initiated different standards of 
diagnosis. But in consideration of my results reported in the above, we deem it 
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desirable to subject their standards to a thorough research. 


CONCLUSION 


The results of my comparative studies of the findings obtained by inspection 
and palpation and obtained by roentgenographic examinations of the wrist- 
joint of rickets have been reported in the above. 

1) The subjects examined consisted in 1,452 children below 2 years of 
age resident in Miyagi Prefecture of whom 19%, or 278 were found roentgeno- 
graphically rickets positive, mostly mildly, and the remaining 1,174 similarly 
diagnosed rickets negative. 

2) Anomalies of cranial form were found in 25-31.4% among rachitic 
sucklings below | year, but only in 2.5—4.2°% among the rickets negative babies 
of the same age. Thus, such anomalies have a comparatively high reliability 
as indication of rickets. 

3) Craniotabes is most frequent among suckling below 3 months, being 
found in 36.2%, of the rickets positive and in 39.2% of the negative cases, and it 
must be conceded that cases of craniotabes in this period include many non- 
rachitic soft crania, but in babies more than 7 months of age, this anomaly may 
be said to be of high reliability in diagnosing rickets. 

4) Swelling of the epiphyses appears in the frequency of 29.4% in rachitic 
sucklings between 4 and 6 months of age but only in that of 9.8% among rickets 
negative cases of the same age. Thus, epiphyseal swelling may be looked upon 
as a reliable reason for diagnosing rickets. 

5) Rosaries were found in comparatively many cases, regardless of the 
results of roentgenographic examinations for rickets. ‘They were found in 39.2% 
of the rickets positive cases and in 20.4% of the negative cases in total. More- 
over, in consideration of the observed fact that rosaries persist rather long after 
the roentgenographic rachitic findings have disappeared, we must be careful 
in evaluating the symptom as an indicator of rickets. 

6) Curved spinal column or limbs were found in a too low frequency 
anyhow to be of service in diagnosing rickets, and no particular correlation was 
found to exist between rickets and hooked feet, flat soles, ristricted opening of 
hip-joint or swollen abslomen. 


REFERENCES 


1) Pfaundler & Schlossmann, Hb. Kinderh., 4, Aufl., 1931, 727, 1. 2) S. Izumi, 
Handbook of Japanese Pediatrics, (Rickets)., 1950. 3) Iwakawa, Acta Paed. Jap., 
426-432, 1935-36. 4) Ichikawa, Hokuetsu Shi, 1936, 51, 338. 5) Uruno, Rinsho 
Naika Shonika, 1934, 3, 5, 197. 6) Kasahara, Acta Paed. Jap., 1933, 403, 2188. 7) 
Wakui, Acta Paed. Jap., 1936, 439, 1685. 8) Izumida, Acta Paed. Jap., 1933, 403, 
2189. 9) Hiro, Acta Paed. Jap., 1938, 44, 1969. 10) Hiro, Masago, Jikashinryo, 
1951, 14, 125. 








Se 








on 
ist- 


tic 
ets 
ion 


the 
%, 


re- 
ful 


Icy 
vas 


mi, 
ip, 
sho 

7) 


“yO, 








The Tohoku Journal of Experimental Medicine, Vol. 64, Supplement (IV), March ,1956 


Clinical Observation of Rickets. 


INTRODUCTION 


I had opportunities of confirming from observations of the complications 
and the causes of death of 423 rachitic cases: 298 out-and 125 in-patients, 13 
rachitic patients who repeatedly suffered from complications while hospitalized 
and 11 cases that died while under the treatment in our clinic the current notion 
that rachitic cases are weak in resisting infection. 

1) By calender years: My observations extended over a period of 6 years 
from 1949 to 1954, the subjects numbering 423 rachitic cases in total. The 
largest yearly number 97 was recorded in 1951, and the smallest, 40, in 1949. 
Of all the ex-patients visiting this clinic in this period, 15, 238 in total, 2.8% 
were diagnosed as suffering from rickets. 

2) By sex: 249 were male and 174 female patients. The number of 
boys was always higher than that of girl patients every year. 

3) By age: Sucklings between 7 and 12 months in age occupied the largest 
majority (111 cases or 26.2% of the total), followed by those from 0 to 6 months 
old (105 or 24.8%), and the number fell rapidly with age. 

4) Main complaint at first examination: 109 cases (25.8%) had fever, 
85 (20.1%) complained of coughing, 46 cases (10.9%) complained of astasia 
and abasia, 41 (9.7%) had diarrhea, 31 humpback, 28 eruptions, 27 hernia 
and 15 painful cramps, while 46 had come for health diagnosis when they were 
found to be rachitic. 

5) Complications at the first examination: Dystrophy was found very 
prevalent (225 cases or 53.2%), followed by 90 or 21.3% of diseases in the upper 
respiratory tract, 50 or 11.8% of diseases of the digestive tract and 36 or 8.5% 
of humpback or deformities of the chest, complications in the upper respiratory 
tract being again conspicuous in their prevalence. (Table 20) 

6) Correlation between rickets and dystrophy: Dystrophy was diagnosed 
in 56.3% of severe rickets cases, severe dystrophy being prevalent in this group. 
46.4% of mild rickets cases and 21.6% of suspected rickets cases showed also 
signs of dystrophy. 

7) Complications at hospitalization: Dystrophy showed the highest 
number of 96 (76.8%), followed by 32 or 25.6% of diseases of the upper re- 
spiratory tract, among whom 16 had pneumonia, 28 with diseases of the digestive 
tract (22.4%, including 11 with dyspepsea), and 26 or 20.8% with skin diseases, 
including 16 with eczema. Complications situated in the upper respiratory 
tract proved particularly prevalent here also. 
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TaBLe 20. Diseases Diagnosed at First Examination in 423 Out-patient 
Rachitic Children 








™ | No. of | ¥ | oe. 7 _ Saaeeen 

ieseases | iia a eter a sae 

NO. %o | 7/e 

Dystrophy |} 225 | 532 | 14 | 270 | Wl | 26.2 
Disease in the upper respiratory tract 90 AS | 47 | ot 43 10.2 
Disease in the digestive tract | 50 hse | | te 19 4.5 
Humpback and deformities of the chest 36 8.5 lt | .26 25 5.9 
Skin diseases | St 73 | % | 48 13 3.0 
Astasia and abasia | 27 64 | 1 | 03 26 6.1 
Hernia, umbilical and inguinal a7 6.4 | 22 | az 5 iz 
Luxatio coxae congenita | 20 4.7 14 | 3.3 6 1.4 
Anemia | 13 31 |] 6 | 14 7 1.7 
Deformities of the lower limbs | im 4 22 2 | O4 10 2.4 
Convulsion | 12 2.8 | 8 | 1.9 + 0.9 
Idiocy | 2 | 28 | 1 | OS 11 2.6 
Whooping cough, Measles, Chicken-pox 11 2.6 | 5 | 12 6 1.4 





8) Complications contracted while in hospital: Bronchitis led the list 
by 30 cases or 24.0%, followed by 8 of bronchopneumonia, 7 cold and 6 naso- 
pharyngitis in the order named, nearly all being diseases of the upper respiratory 
tract. (Table 21) 


TABLE 21. Diseases Afflicted in Rachitic Children During Admission 








Complication Rickets cases % | Control cases %6 
Bronchitis | 30 24.0 | 16 3.4 
Bronchopneumonia | 8 | 6.4 | 12 2.6 
Grippe 7 5.6 2 0.4 
Rhinopharyngitis | 6 4.8 0 0 
Measles 2 1.6 2 0.4 
Chicken-pox F z 1.6 3 0.6 
Conjuctivitis | 2 1.6 0 0 
Dyspepsia | I 0.8 11 2.4 
Parotitis 1 0.8 0 0 
Stomatitis | 1 | 0.8 0 0 
Eczema | I 0.8 5 1. 








9) Cases suffering from repeated complications: 5 cases of mild and 8 


of severe rickets cases thus afflicted were all accommodated in the rooms with 
5 to 7 beds in our wards, for 22 days at the shortest to 430 days at the longest. 
Except one case who had pneumonia only once, the other 12 cases had from 
2 to 5 recurrences of cold, dyspepsia, nasopharyngitis, bronchitis and pneumonia. 
In comparison with the children in the same respective rooms, it was observed 
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that the rachitic cases fell far more readily to such infections, and when once 
infected, were harder to cure. (Table 22) 

10) The cases of rickets complicated with dystrophy showed no marked 

difference in their tuberculin reaction and blood precipitation values from the 
normal, 
“~11) In the 11 cases that died of rickets, the age ranged from one month 
to 2 years 3 months, and 9 were artificially fed, the number being more than 
fourfold of the number, 2 of the cases fed on mother-milk. Of 11, 8 had compli- 
cations with severe dystrophy. The complications that finally resulted in death 
were pneumonia in 6 cases, acute dyspepsia in 3 cases and tuberculous meningitis 
and miliary tuberculosis in 2 each. In the 6 autopsied subjects, we could prove 
not only marked rachitic degenerations in the long bones and the ribs, but also 
wide-spread bronchopneumonia, stromatic pneumonia or tuberculous miliary 
nodes in the lungs, and in some cases catarrhal inflammation in the intestinal 
canal in a high degree and in a case perforative peritonitis. No case showed 
comparatively advanced degenerations of the liver or the spleen, but some cases 
had tumors, stones and deformities in the kidneys or the urinary organs, while 
some had pathological changes in the heart, either prenatal or acquired. (Table 
23) 


DiscussIon 


It has been reported by many researchers that rickety children are weak 
in resisting infections, and the current literature on the subject support the 
theory. In 1954, Prof. T. Sano proposed the subdivision of rickets cases in 
Tohoku District into those with and without dystrophy as complication on his 
extensive examinations of such cases for many years. This proposal lays bare 
the fact that there are many cases of dystrophic rickets in Tohoku District, 
probably due to the high latitude of the District, to the lack of general information 
on good nursing practice, and to long-standing undesirable habits and general 
economic backwardness of the inhabitants. My study reported in the above 
has been limited in its scope to the small percentage of rickets cases in Tohoku 
District that happened to come under my observation in the consultation room 
and the wards in our clinic in Tohoku University during the period stated, but 
such a limited observation is sufficient in demonstrating that the cases of rickets 
with dystrophy are the one which most gravely impair their resistance against 
infection. An entensive field examination would bring a still more glaring 
result to light. 


CONCLUSION 


An investigation conducted with the ex- and in-patients of Tohoku Univer- 
sity Hospital revealed that, patients suffering from rickets are prone to contract 
diseases in their upper respiratory tract and digestive tract, which even often 
lead to their death, and that the nature of such complications is apt to be very 
serious in such cases. 
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Are there New-born Rickets ? 


INTRODUCTION 


There have been many reports, e.g., Itami, Mizuta, Zoshino, Akamatsu, 
Matsukata, Yoshimoto, Shiomi and Kato in Japan alone, on the relation be- 
tween the roentgenograms of the epiphyses and inorganic contents in serum of 
new-borns in rickets, but all of these concerns with X-ray findings alone, or at 
most, on the relation of Ca and P contents in serum of the umbilical cord to the 
bone roentgenograms. There have been:no report on a comparative study, 
beside the serum Ca and P contents in new-borns, on the dialytic Ca (referred 
to hereunder as Cat) content, the alkali phosphatase (referred to hereunder 
alk. pt.) and bone roentgenograms. So, the author of this paper has made 
a study on the serum Ca, Cat, P and alk. pt. contents of newly delivered mothers» 
new-borns and their umbilical cords, and particularly, of new-borns, the relation 
of these contents to their bone roentgenograms, as reported briefly in the 
following. 

Materials and methods of the experiment. Serum from blood of mothers 
delivered of healthy babies, examined from July, 1953 to March, 1954. 

Serum was separated from the blood of umbilical cords just after birth. 

It was obtained from new-borns, every day during 8 days after birth. 

The Ca and Ca+ in serum were measured by Yanagisawa’s, the P content 
by Fiske-Sabbarow’s and the alk. pt. content by Shinowa-Jones-Rheinhart’s 
method. 

Rickets was diagnosed by findings on roentgenograms of epiphyses of the 
fore-arms of the subjects. When the distal epiphyses of the radius and the 
ulna on the roentgenogram show a clear line and these parts are substantially 
filled with osseous matter, the cases are diagnosed normal, and if the epiphyses 
of the ulnae are either deformed in goblet-form or depressed in some similar 
shape and the shadow of the bone matter is not sufficiently dark, the case was 
diagnosed as rickets. 

The roentgenograms of the above bone parts were taken with a bone- 
shadow meter devised by Prof. Sano, attached, the darkness of the shadows 
therefore could be quantitatively determined. 

Results. X-ray photographs of 255 new-borns were taken, of whom 60 
cases or 23.5°% were diagnosed positive in rachitic symptoms and 195 or 76.5% 
as negative. 89 among these were subjected to examination of serum, but as 
sampling of sufficient serum was very difficult, measurement of contents had 
to be performed either of Ca+ and P, P and alk. pt. or Ca and Ca+ alone or 
sometimes of all the four. Thus, Ca was measured in 85 cases, Ca in 72 
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Fig. 9. The radiographic findings in metaphysis and Ca content in serum, 


In left side of each column rickets positive cases are arranged ({_]), 


and in right side, normal infants. 


cases, P in 22 cases and alk. pt in 34 cases. 92 samples of mothers’ serum and 
66 samples of umbilical cord serum were also analysed. (Figs, 5 to 12) 

The Ca content of these sera was as shown in Table 5. It was slightly 
higher in the umbilical cord serum, and in serum of newborns and their mother 
nearly equal. Ca+ content was also in similar relative distribution. The P 
content was low in mothers’ serum, but amounted to 5.46 mg/dl in new-borns. 
The serum alk. pt. content was the highest in new-borns. 

Seasonal change the 3 months from July to September are named summer 
and the other months winter herein. The Ca content (Fig. 5) tends to be 
usually higher in summer in new-borns, standing at 8.4 mg/dl in summer and 
at 8.26 mg/dl in winter in the mean. In umbilical cords, it was a little lower 
in summer (9.07 mg/dl) than in winter (9.3 mg/dl). In maternal serum, it 
was somewhat higher in summer, amounting to 8.3 mg/dl. 

The Ca+ content (Fig. 6) in new-borns was higher in winter (4.19 mg/dl) 
than in summer (3.56 mg/dl), in umbilical cord serum, higher also in winter 
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Fig. 10. The radiographic findings in metaphysis and Cat content in serum. 


In left side of each column rickets positive cases are arranged ([_}), 
and in right side, normal children, 


(4.72 mg/dl) than in summer (4.04 mg/dl) and in maternal serum, higher in 
summer (3.56 mg/dl) than in winter (2.85 mg/dl). 

The serum P content, as shown in Fig. 7, was higher in summer (6.72 mg/dl) 
than in winter (4.8 mg/dl) in new-borns, nearly equal in summer (4.73 mg/dl) 
and in winter (4.79 mg/dl) in umbilical cords, but was somewhat higher in 
summer (3.14 mg/dl) than in winter (2.58 mg/dl). 

The alk. pt. content (Fig. 8), in new-borns, ranged over a wide scope, but 
was in most cases higher in winter (8.31 mg/dl) than in summer (6.71 mg/dl). 
In umbilical cord serum, it was markedly higher in winter (8.81 mg/dl) than 
in summer (6.71 mg/dl), while in maternal serum, it was a little higher in winter 
(7.1 mg/dl) than in summer (6.69 mg/dl). 

Relation between X-ray Findings of New-borns and the Ca, Ca+, P and 
alk. pt. contents in their serum and serum of their umbilical cord and of their 
mothers: The serum Ca content (Fig. 9) in the group of roentgenogrammatically 
rickets positive new-borns was 8.65 mg/dl and in negative cases 8.61 mg/dl, so 
little difference is here observable, while in the umbilical cords, it was 9.48 mg/dl 
in the formder group and 9.04 mg/dl in the latter, being somewhat higher in 
the former, and in maternal serum, it was again not much different (8.47 mg/ 
dl in the former and 8.40 mg/dl in the latter group). The serum Ca content 
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Fig. 11. The radiographic findings in metaphysis and P. content in serum. 


In left side of each column ricket positive cases are arranged ({_]) 
and in right side, normal children. 


(Fig. 10) was 3.75 mg/dl in new-borns of the rickets positive group and 3.95 
mg/dl in those of the rickets negative group, showing little difference. In the 
umbilical cord, it was 4.54 mg/dl in the former and 4.42 mg/dl in the latter 
group and in maternal serum, the values stood at 3.49 mg/dl and at 3.37 mg/dl 
respectively, no perceptible difference being observed here also. The serum 
P content (Fig. 11) was lower in the postive group new borns (4.55 mg/dl) than 
in the negative group new-borns (5.88 mg/dl), while it was higher in the umbilical 
cords of the former group (5.28 mg/dl) than of the latter group (4.61 mg/dl), 
but in maternal serum it was not much different by groups (2.99 mg/dl and 3.03 
mg/dl respectively). The serum alk. pt. content (Fig. 12) in new-borns showed 
a somewhat higher value (8.49 mg/dl) in the former groups than in the latter 
(8.21 mg/dl). In the umbilical cords also, the positive group showed a higher 
value (8.69 mg/dl) than the negative (7.42 mg/dl), but in maternal serum, the 
content was lower in the former (6.43 mg/dl) than in the latter group (7.15 mg./ 
dl). 
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Fig. 12. The radiographic findings in metaphysis and alk. Pt. content in serum. 


In left side of each column rickets positive cases are arranged ([_]), 
and in right side, normal children. 


SUMMARY 


1. The Ca, Cat, P and alk. pt contents in 89 samples of serum of new- 
borns, in 92 samples of newly delivered mothers and in 66 samples of serum 
from fresh umbilical cords were measured. (Table 24) 

2. Roentgenograms of the epiphyses in the right fore-arms of the new- 
borns were taken to examine rachitic findings in them. 

3. No stoichiologically significant difference by seasons was observed in 
the mean values of the contents. 

4. By bone roentgenograms, rachitic findings were observed in 60 or 
23.5%, among the 255 examined new-borns. The results of serochemical exami- 
nation of the subjects showed no significant difference between the rickets 
positive and the rickets negative groups. 

Addendum. 

Change of Bone Degeneration in the same subject in New-born and Suckling 

Ages. 
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TasBie 24. Ca, Cat, P and alk. Pt. Content in Serum 











New-born Umbilical cord Mother 

Max. 10.7 11.65 10.45 
(magic) Min. 4.68 5.4 6.5 

Mean 8.34 9.19 8.49 

Max. 6.65 7.1 | 4.35 
(ncaa Min. 1.45 1.6 1.3 
Mean 3.88 4.38 3.9 

Max. 10.91 8.04 4.71 

ida a Min. 2.1 2.87 2.01 
c Mean 5.46 4.76 2.9 
a Max. 15.51 11.59 13.6 

Pt Min. 4.23 4.29 1.91 
(B.U.) Mean 8.1 7.76 6.9 


28 cases among the examined 255 cases of new-borns were subjected to 
another clinical and roentgenogrammatic examination in 2—6 months after 
birth. The results were as follows: 

1. Among 23 cases who had been roentgenogrammatically diagnosed as 
rickets negative at their first examination soon after birth, 5 were found to have 
turned positive. 

2. Of the 5 cases diagnosed as rachitic by X-ray photographs at the first 
examination, 3 or 60°% were found to have been relieved of their rachitic symp- 
toms, while the remaining 2 cases remained positive. 

Upon examination, the sucklings turned roentgenogrammatically rickets 
positive showed clinical symptoms of rickets, such as insufficient growth in 
body weight, anemia and bone rosaries, but craniotabes was observed in only 
one of them. 
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Infantogram 


I. INTRODUCTION 


Various methods have been designed to illustrate graphically the develop- 
ment and nutritional status of children who are on steady growth. There may 
be a large number of literature on these methods, and the following reports 
came to my attention. 








Table 25 gives the reports appearing in references published abroad. 
Taste 25. The Carts Appearing in References Published Abroad 
Author Date Published 
Liharzik (1858) 
Thomson, A. (1902) 
Pirquet, C. V. (1913) 
Faber, H. (1920) Faber’s Graph 
Shleissner, F. (1926) Somatogram 
Kornfeld, W. (1932) 
Bayer, L. M. & Gray, H. (1935) 
Burgess, M. (1937) 
Wetzel, N. C. (1941) Wetzel’s Grid 
Pyle, S.1I., et al. (1942) Red Graph 
Olson, W. C. & Hughes, B: D. (1943) (Growth chart) 
Cluver, E. H. et al. (1945) (Grid) 
Sontag, L.W. & Reynord, E. L. (1945) Fel’s composite sheet 
Jackson, R. L. & Kelly, H. G. (1945) 
Stuart, H.C. & Meredith, H. V. (1946) 
Koch, W. (1947) 
Dancis, J. (1948) 
Boyd, J. D. (1948) 
Silver, H. K. & Deamer, W. C. (1948) 
Correnti, V. (1948) Auxogram 
De Toni, G. (1951) Auxometric grid 
Massler, M. & Suher, T. (1951) 
Odegard (1951) 
Kalberg, P. & Perman (1951) 
Trémolieres, J. (1952) 
Wigley, G. (1952) 
D¢ssing, J. (1952) 
Suarez, M. & Teijeira, J. C. (1952) 
De Wijn, J. F. (1954) 
Bayley, N. (1956) 
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Table 26 gives the reports ap- Taste 26. The Chart Appearing in 
pearing in references published in References Published in Japan 
Japan. 1am Author Date Published 

These graphs have characteristics ——— 

f . Okamoto, K. (1941) 
of their own, and not a few of them a : 

: = ets P Aozima, S. (1942) 
are in practical clinical use. They Saito, K. (1947) 
will be discussed in detail on some Kato, M. (1948) 
other occasion. I have made a study —— a a 

° i ; wahara, T. 
on a method by which they wares be Mitsukawa, M. (1952) Pentagogram 
illustrated as simply and practically Kouno, G. (1952) 


as possible since 1949 and named it Sumi, K. (1953) 


Infantogram, on which I wished to Yamaguti, T. (1955) 
have criticism Mitsukawa, M. —_ (1955) 


II. INFANTOGRAM 


1) The Standard Values to be used as the base for making the Infantogram. 
In making an Infantogram, I took as the base standard values of the body 


Tas_e 27. Measurements for the Normal Children (boys) in Tohoku District. 





Testy is Chest Upper arm | Head | Sitting 
Weight Hicignt girth girth | girth | height 


Age group No. Bi ier. 





Mean S.D. Mean S.D. | Mean S.D. Mean S.D. | Mean S.D. | Mean S.D. 











( 0 12 10.2 | | 33.1 
O— 1 25| 3.22 063 49.0 2.05 | 321 1.35/ 10.5 1.13 | | 33.9 1.43 
I— 2} 42) 482 0.82] 542 213 | 36.2 148 11.9 1.28 | 37.8 1.83 | 36.6 1.87 
2-3, 48/ 554 0.75/ 583 245 39.3 1.78 | 13.0 1.05 | 39.9 1.23 | 38.3 1.42 
3— 4) 50) G18 081 61.0 2.28 | 408 1.35 | 136 1.19! 408 1.31 | 40.0 1.74 
4— 5) 51| 692 0.78) 63.5 2.19) 41.2 1.92) 14.0 0.83 | 41.3 1.28 | 41.3 1.81 
6—6 48| 7.02 0.91 648 2.72 | 42.0 2.01 | 14.2 0.95 | 41.8 1.32 | 42.3 1.82 
2) 6—7 49) 7.56 0.82) 66.9 2.58 | 41.8 1.88) 14.6 0.97 | 43.0 1.27 | 43.1 1.50 
5 7— 8! 53| 7.70 0.88) 67.2 249/423 1.91 | 148 1.18 | 43.8 1.31 | 44.0 1.50 
“1 8—9}| 52| 812 083| 67.8 237 | 43.1 1.78 | 146 0.85 | 443 1.24 | 443 1.72 
9—10| 61 | 8.23 0.75) 688 2.41 | 44.1 1.92 | 148 0.72 | 44.8 1.26 | 45.1 1.92 
10—11 | 52| 861 0.92) 69.2 2.35 | 45.2 2.09 14.5 081 | 45.7 1.31 | 45.4 2.01 
11—12 | 48) 872 0.94) 71.5 2.61 | 45.1 1.86 | 14.6 0.91 | 45.8 1.25 | 46.3 1.79 
12-16} 50| 951 0.79) 75.5 3.12 | 46.2 2.03 | 15.1 1.05 | 46.9 1.41 
16—20 | 49| 9.85 (0.83 78.2 3.22 | 46.4 2.32 | 15.3 0.98 | 46.8 1.38 | 484 2.14 
2 3.07 | 47.9 2.21 | 14.7 1.03 | 47.4 1.32 


20—24 | 62 | 10.83 1.05 | 81.1 | 


2—3| 123 | 1158 1.15| 844 3.13 | 49.8 2.08 | 15.0 0.74 | 47.8 1.71 | 52.7 2.30 
3— 4 | 125 | 18.62 1.20) 915 3.22 | 521 212] 150 0.76 | 487 1.52 | 555 231 
114| 15.20 1.29} 97.2 30.3 | 52.9 2.23 | 15.3 1.05 | 49.3 1.63 | 582 2.45 


5— 6 | 127| 16.70 1.38 | 103.2 3.18 | 54.9 2.05 | 15.5 0.93 | 49.5 1.58 | 60.3 2.51 
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cS 
| 
ow 











me 


wT oo —-—- -*> 


— - @ S we we 


SC 


QP aaaee 














Infantogram 47 


weight, height, chest girth and upper arm girth by sex and age of the children 
in Japan. Yoshinaga*) in 1930, made public the standard values or the growth 
of the Japanese children by calculating the body measurement of the weight, 
the height, the chest girth and the head girth of about 30,000 children from 
birth to 6 years of age. Since this standard has been in wide use as Yoshinaga’s 
Table since its publication, I made use of it for the weight, height and chest 
girth. 

As to the upper arm girth which is properly selected as an item for entry 
in the Infantogram, no standard values for both the infant and young children 
have been in wide use in Japan. Therefore, I have made use of the average 
value obtained by making the body measurement of 2.588 normal! healthy infants 
and young children, from birth to 6 years old, in Tohoku District, as the standard 
value of the upper arm girth which was used jointly with the tables prepared 
by Yoshinaga. The average values of the upper arm girth for the normal 
infants and young children in Tohoku District are shown in Table 27 for boys, 
and Table 28 for girls, together with the average values of the weight, height, 
chest girth, head girth and sitting height measured simultaneously. 

In the present paper what is called the standard values signifies Yoshinaga’s 


Taste 28. Measurements for the Normal Children (girls) in Tohoku District. 





Weight | Height | Si | OPtmn gath | height 
Age group | No. g g g | g 


Mean S.D. | Mean S.D. |Mean S.D.| Mean S.D. Mean S.D.!| Mean S.D. 





0 12 | 10.0 32.4 
0—1| 29 298 47.9 1.92 | 31.8 1.69 10.4 0.89 33.0 1.55 
1— 2! 41| 447 0.73) 524 2.03 | 36.0 1.61 11.7 1.21 36.5 1.64 | 35.8 1.92 
2-3! 42! 523 082! 581 2.11 | 380 165/127 1.11 381 132/379 1.31 
3-4] 53| 5.78 0.68! 59.1 2.08 | 39.5 1.98) 13.4 1.15 | 398 1.28 | 39.1 1.54 
4—5| 55! 633 0.72) 62.1 243 41.3 1.92) 13.9 1.03 40.1 1.25 40.2 1.82 
5—6| 82) 691 084 63.5 2.52| 41.0 2.03) 14.1 092 408 1.31 41.1 1.70 
2] 6—7)| 85| 7.13 0.75) 648 241 | 41.6 1.82/ 14.3 0.85 41.6 1.27 | 424 1.63 
6) 7-8) 55| 7.31 082] 67.9 238 422 196/141 0.92 429 1.41 | 43.1 1.59 
715 9| 61 | 7.68 0.89| 67.7 2.72| 435 1.78 | 14.0 1.02) 43.1 1.25 | 43.5 1.61 
9-10! 71 7.92 091! 679 2.15 | 43.9 1.87 | 14.5 1.01 | 44.2 1.31 | 43.9 1.83 
10-11 | 55) 852 0.89} 688 2.82 | 44.0 1.59] 14.1 0.83 | 44.8 1.24 | 44.2 1.75 
1l—12| 55| 813 093) 698 2.19 | 442 149/140 092 445 1.25 | 45.3 1.82 
12-16 | 48| 9.13 1.01| 74.3 3.02| 459 1.62) 143 1.04 45.5 .151 | 
16—20| 62| 9.71 1.05) 76.5 3.19 | 46.3 1.73 | 14.2 1.03 45.7 1.62 | 47.6 212 
10.03 1.13} 79.2 3.23 | 47.2 1.78! 14.4 0.91 | 46.0 1.48 | 


nh 
Pr 
nN 
uN 
Dp 
ve) 


| 


2— 3] 123 | 11.51 1.32| 83.9 3.28 | 47.9 2.01 | 15.0 081 | 47.6 1.62 | 51.7 2.04 
3— 4|124| 13.51 1.21| 90.0 3.41 | 50.3 213 152 0.79| 486 142/554 212 
15.10 1.39} 958 2.95 | 51.9 2.08 | 15.4 0.83 49.2 1.53 | 57.5 2.43 


Years 


4— 5 | 103 | | 


5— 6 | 122 | 16.02 1.42 | 1023 3.18| 528 2.01 | 15.4 0.75 | 49.9 1.58 | 60.1 2.60 
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values for the weight, height and chest girth and my value for the upper arm 
girth, and they are shown in Table 29 for boys, and Table 30 for girls. 

The standard values in Tables 29 and 30 give the standard values for the 
infants up to 100 days of age corresponding to the number of days after their 
birth, for those up to | year of age the values for every five days, and for those 
from 1 to 6 years of age the values for every month. 

These divided values are calculated arithmetically. For example, the 
numerical values between | !/2 months and 2 months are increased progressively 
up to that of 2 months, and similarly, the numerical values between | 1/2 years 
and 2 1/2 years are increased progressively up to that of 2 1/2 months. In the 
table the standard values for the weight, height and chest girth of school children 
from 7 to 14 years old are taken from Yoshinaga’s Table and those for the upper 
arm girth are taken from Yagi’s*®) values, both of which are shown classified by 
month as in the case of young children. 

The technique in body masurements in my studies. 

Height (or length).—Length ; up to 3 years of age, height ; 3 years and over. 
During the first 3 years following the birth the length was taken in the reclin- 
ing position, and from 3 years the height was taken in the standing position. 

Chest girth.—A cloth tape was used in taking these measurements. The 
tape was passed around the thorax in a horizontal plane at the level of the nipples. 
The reading was taken at the median girth during normal respiration. 

Upper arm girth.—I preferred a cloth tape to a steel one for measuring the 
cirumference for infants and young children, and, of course, checked it frequently 
against a precise standard and discarded it, if stretch or shrinking introduced on 
appreciable error. Measurements were ordinarily made on the left side. The 
measurer placed the tape around the arm, which was held in a relaxed position 
slightly away from the body, at the level that would bisect the midpoint of the 
biceps muscle transversely. Sufficient tension was applied to the tape so that 
it would contact the arm all around without compression of the tissues. 

2) Nomogram 

In making an Infantogram, the four measurements including the weight, 
height, chest girth and upper arm girth were compared with the standard 
values by sex and age to obtain the deviations in percent, that is, how many 
percent more or less than the standard values were calculated. As it involves 
much trouble to make the calculation, the author designed the Nomograms 
as are shown in Fig. 13 and Fig. 14, which are based on the standard values in 
Table 26 and Table 27 respectively, and for an Infantogram to be used for daily 
clinical purposes. How to use the Nomogram is shown in Fig. 14. In fact, the 
Nomogram is convenient to use, but the numerical calculations were performed 
by its scale and the eye, and these may arise errors within 0.5% to 1.0% in 
the terms of the deviation in percent. That is, the Nomogram may serve the 
purpose in routine practice, but in order to perform an accurate calculation, it 
is necessary to do calculation by comparing the numerical values of the standard 


values mentioed above. 
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ments on W,,) scale and chronological age on W’(s) sclae by a straight line 
drawn by a ruler, preferably by a transparent one. A very satisfactory line 
can be drawn by scratching a strip of transparent x-ray film with a straight line 
and filling it with ink. The reading is taken where the line @ intersects the 
central °{ scale. Similarly, where the line @ joining H and H’ intersects the 
central % scale, the reading is taken for the deviation in per cent for the height. 
In the above example of the male infant 10 months old with the body weight 
of 6.7kg, height 72.0cm, chest girth 43.7cm, upper arm girth 12.6cm, ® 
intersects the central line at —23 which is the deviation in per cent for the 
weight, @ intersects the central line at +2 for the height, Cg intersects at 
—2 for the chest girth, and Ag intersects at —15 for the upper arm girth. 

Note that the scale W(,) and W's) in Figs. 14 and 15 are used for the 
calculation of the weight of children over 2 years of age. 


3) How to make an Infantogram 

First, measurement is made of the weight, height, chest girth and upper 
arm girth of the infants or young children to obtain their respective values, 
which are compared with the standard values by sex and age to obtain the 
deviations in percent mentioned above. 

Next, the calculated deviation in percent for the weight is put on the first 
horizontal line of the graph as is shown in Fig. 16, that for the height on the 
second horizontal line, that for the chest girth on the third horizontal line, and 
on the right side of the standard line (block vertical line) when they are more 
than the standard values and on the left side when less than the standard values, 
at the distance corresponding to the degree of deviation. 


Stand 1 line 
~20% -10% .#&t0% 














~<@— Ist horizonatl line for weight 

| 

| | : ee ee 

- jf 2nd horizontal line for height 

| } ° . ° . 

i. —_—<q— 3rd horizontal line for chest girth 
| 

| 

a 











-———'<@— 4th horizontal line for upper arm girth 
Fig. 16. The original form of Infantogram. 


When these points are connected, a complete diagram is obtained. By 
way of illustrating how to make entry in the graph, let me show some examples. 

The first example is an example for infants from birth to 100 days old. 
Let me suppose a male infant, aged 38 days, with the weight 4.5 kg, height 
55.2 cm, chest girth 37.8 cm, and upper arm girth 11.5cm. To make an In- 
fantogram for this infant, the following workout is necessary: By looking at 
the standard values in Table 29, it will be seen that the standard value of the 
weight for a 38 days old is 4.42kg. The weight of the infant is found to be 
2% more than the standard value by the following calculation. 

= 4.5kg (Measurement)— 4.42 kg (Standard value) _or 
Weige = 4.42kg (Standard value)  ——™” al emi ial 
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As to the height, by looking at the standard values in Table 29, it is seen 
that the standard value of the height of an infant 38 days is 55.8cm. The height 
of the infant is found to be 1% less than the standard value by the following 
calculation : 

‘ 55.2 cm (Measurement)— 55.8 cm (Standard value) 
Height = ; 7 — 
55.8cm (Standard value) 

By performing the same calculation, the deviation in percent from the 
standard values can be found the chest girth is +2°, and upper arm girth is 
—1%. The same results are obtained by using the Nomogram in Fig. 13. 

Then, the weight is put on the first horizontal line and on the right side 
of the standard line and 2% from it. The height is put on the second horizontal 
line and on the left side of the standard line and 1% from it. The chest girth 
is put on the third horizontal line and.on the right side of the standard line 


x 100= —1% 


. and 2% from it. The upper arm girth is put on the fourth horizontal line and 
left side of the standard line and 1% from it. By connecting the four points 
thus obtained, the Infantogram for the infant will be obtained as shown in 
Fig. 17 “A”. 
In the present example, a comparison of the Infantogram shown in Fig. 
17 “*B” which is made for a child taken as 1 month old and that shown in Fig. 
| 17 “°C” which is made for a child taken as 1 1/2 months old shows a considerable 
difference. It is, therefore, desirable to use Tables 29 and 30 or Fig. 13 and Fig. 


2 which show the standard values by days in making an Infantogram for infant 
up to 100 days old who show vigorous growth. 





Actual measure- 
ments of majein- | Standard values Standard values | Standard values 


fant, 38 days of for 38 days for 1 months for 14 months 
—— a6F ae : ; 
Weight 4.5 kg 4.42 kg 4.0 kg. 4.79 kg 
Height 55.2 cm 55.8 cm 54.5 cm 56.9 cm 
Chest girth 37.0 cm 36.3 cm 35.6 cm 37.0 cm 
Upper arm girth 11.5cm 11.6 cm 11.2 cm 11.9cm 
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Fig. 17. Compatibility of Infantogram. (Example—I) 


The second example is an example for infants from 100 days to | year old. 
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In making an Infantogram for an male infant 10 months and 2 days old 
with the body weight of 6.7 kg, height 72.0 cm, chest girth 43.7 cm, upper arm 
girth 12.6 cm, the calculation of the deviation in percent and the entry of the 
values are the same as in the first example. However, the standard values given 
in Table 29 are divided on 5-day basis, and so it is desirable to look up the stand- 
ard value for the infant in that given for 10 months. 

Fig. 15 shows how to calculate the deviation in percent for the infant in 
this example by the Nomogram. ‘The results of the calculations are shown in 
Table 31, and the Infantogram for the infant will be as shown in Fig. 18. 


Tas.e 31. The Results of the Calculations for Measurements of Example—II. 





| Deviation from the 
boy aged 10 months standard values 
‘ (in per cent) 


| 
Standard value for a 
Actual measurements | 





Weight 6.7 kg 8.70 kg —23% 
Height 72.0 cm 70.6 cm + 2% 
Chest girth 43.7 cm 44.6 cm — 2% 
Upper arm girth 12.6 cm 14.8 cm | — 15% 


The third example is an example for young children. 

Suppose a female young child, aged two years 3 months and 17 days with 
the weight 11.03 kg, height 82.7 cm, chest girth 46.7 cm and upper arm girth 
15.1 cm. The measured values of the child is found on comparison to cor- 
respond to the standard values in Table 6. The Infantogram for the child will 
be as shown in Fig. 19. 


















































— Ces . T 
Fig. 18. Example—II. Fig. 19. Example—III. 


III. INFANTOGRAM FOR NORMAL CHILDREN 


1) Infantogram for normal children in Tohoku District 

The Infantogram for an example of normal child has already been shown 
in Fig. 19 in the present paper, but, in fact, it is extremely rare that the measured 
values correspond to their respective standard values, and it is easily imagined 
that the points at which the measured values for a healthy child who is keeping 
the normal development or the normal nutritional status are to be put in the 
Infantogram quite deviate from the standard line. 
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Fig. 8 shows the range of Means + S. D. (standard deviation) in an In- 
fantogram by the month for the infant and by the year for young children, 
made from the Means and S. D. for the measurements of the normal children 
given in Table 27 and Table 4, and statistically the range which is shown here 
include 68°, of the cases obtained. 
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Fig. 20. The normal range in the Infantogram of children in Tohoku 


District. 


Figs. 21 and 22 shows the limits of the ranges for the infants and young 
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children, approximately divided, without any regard to classification by sex or 
by the month or year. It is seen that in the normal infants the weight is ap- 
proximately +16% of the standard value, the height +6% of the standard 
value, the chest girth +6% of the standard value and the upper arm girth 
+8°, of the stnadard value. In fact, of 200 normal infants that came my ob- 
ervarion, 152, that is, 76° of them, were found to be in the range of their- 
measured values. 



























































Fig. 21 Fig. 22 
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Fig. 21. The rough limit of the normal range in the Infantogram for 
infants. 
Fig. 22. The rough limit of the normal] range in the Infantogram for 


young children. 


It is also seen that in the normal young children the weight is approximately 
within +10% of the standard value, the height within 5% of the standard value, 
the chest girth within +5% of the standard value, and the upper arm girth 
within +7% of the standard value, and of 100 normal young children that 
came under my observation, 72, that is 72°% of them, were found to be in that 
range in their measured values. 

Therefore, the range on the Infantograms for the children in Tohoku dis- 
trict shown in Figs. 21 and 22 may be said to be roughly normal ranges. 

On the Infantogram of normal children, when considered about the graph- 
ical mutual relations with height and the other measurements—namely, weight, 
chest girth and upper arm girth, no definite tendency for the total examples 
had been seen there; but the tendency as shown in the Figs. 23 and 24 has 
come to be shown among the 62 examples of 200 infants and 35 examples of 
100 young children—or among one-third of the observed cases. Then, ac- 
cording to the Infantogram, I have convinced that it would be possible to some 
extent to investigate the normal weight or the normal chest girth corresponding 


for height. 

2) Infantogram for children who showed excellent growth and were in 
good nutritional status 

In Fig. 25, a comparison is made of the Infantograms prepared for 40 
infants from 8 months to 1 year old who showed excellent growth and were in 
good nutritional status with the normal range shown in Fig. 21. 

It may be seen from the figure that in most cases the positions of the weight, 
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Fig. 23 Fig. 24 



















































































Fig. 23. A trend of the mutual relations of the measurements in the 
Infantogram for infants. 
Fig. 24. A trend of the mutual relations of the measurements in the 


Infantogram for young children. 





Fig. 25. Infantogram of infants (8-12 months) of excellent growth as 
g g . 


compared with the normal. 


the upper arm girth and the chest girth, especially the first two, show a larger 
deviation right side of the standard line, and are found outside of the normal 
range. Besides, without taking into consideration the normal range, it will 
be found from the observation of the mutual relations of positions of the weight, 
height, chest girth and upper arm girth that the positions of the weight and 
chest girth and the upper arm girth lie on the right side of the position of the 
height in most cases, and the shape of the Infantogram takes that of a horse 
shoe with an opening to the right side. Tendencies observed in the infant- 
are true of the young children who showed excellent growth and were in good 
nutritional status. 


IV. INFANTOGRAM FOR DysTROPHY 


In Fig. 24, a comparison is made of the Infantograms prepared for 40 
infants from 8 months to | year old who were diagnosed as dystrophy with the 
normal range shown in Fig. 21. In most cases, the positions of the weight, the 
upper arm girth and the chest girth, especially the first two, are found outside 
of the normal range to the left, without taking into consideration the normal 
range, it will be found from the observation of the mutual relations of positions 
of the weight, height, chest girth and upper arm girth that the positions of the 














Fig. 26. Infantogram of dystrophic infants (8-12 months) as compared 


with the normal. 


weight and chest girth and upper arm girth lie on the left side of the position 
of the height in most cases, and the shape of the Infantogram takes that of a 
horse-shoe with an opening to the left side. By comparing the measured value 
in the Infantogram made for dystrophy with those in the Infantogram for healthy 
ones, it will be found that the shapes of the Infantogram are diagonally opposed 
to each other against the normal line. Tendencies observed in the infants are 
true of the dystrophy of the young children. 


V. INFANTOGRAM FOR RICKETS 


1) Selection of rickets in the Tohoku District used in making the In- 
fantogram 

At the 57th General Meeting of Japanese Pediatric Society held in May, 
1954 Prof. Sano reported that of 30,399 infants and young children in the To- 
hoku district, there were 4,322 children suffering from rickets. I was one of 
his collaborators, and availing myself of the opportunity, I tried to make In- 
fantograms for children suffering from rickets. In picking out rickets we made 
reference to rachitic degeneration reflected in X-ray photographs of the distal 
ends of the radius and the ulna, their clinical symptoms and the test results for 
the calcium, calcium ions, phosphorus and alkaline phosphatase in contents 
in their serum. Rickets were classified into mild and severe cases according 
to the advance of the malady, and also into eutrophic and dystrophic cases. 

Now, in the present paper, I will discuss the Infantogram which were 
made for 25 cases of severe rickets who were hospitalized at our clinic. 

2) Infantogram for severe rickets 

In Table 8 the bodily measurements including weight, height, chest girth, 
upper arm girth and head girth of the severe rickets and the test results for the 
calcium, calcium ions, phosphorus and alkaline phosphatase contents in their 
serum are presented. Of course, these measurements as well as the biochemical 
findings were performed immediately after the hospitalization on all cases. 

The Infantogram for those cases are shown in Fig. 27. In the figure, 
those cases which are marked with © are those, with dystrophy (17 cases), 
and the other groups without © are the cases with eutrophy (8 cases). As is 
seen in the figure, the Infantogram made for dystrophic rickets show no charac- 
teristic shape of their own, with the exception of the general trend that they are 
accompanied with a marked delay in the development of the height, as com 
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Taste 32. Clinical and Laboratory findings of Severe rickets. 


marked with © are those with dystrophy and the other groups 


without © are the cases with eutrophy. 
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al pared with those for dystrophy with no rickets. On the other hand, Infanto- 
gram made for eutrophic rickets showed no marked difference in their shape 
e, as compared with those for normal children, but as seen on the No. 9, No. 10, 
), No. 15, No. 24 and No. 25 Infantogram of the Fig. 15, the position of the height 
om showed a larger deviation left side of the standard line, and these Infantograms 
Ce were different a little in shape from that of the normal children. 
re Park and Howland‘? weighed and measured 21 young children between 





8 months and 2 years who were suffering from severe rickets and found, taking 
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Fig. 27. Infantograms of severe rickets. 


the group as a whole, that the body weight was 44 per cent, the total length 12 
per cent, the circumference of the thorax 17 per cent under the average for 
healthy children of corresponding ages. 


“Tt ) 
| 
Fig. 28. Infantogram 


made for the rickets observed 
by Park and Howland. 





The Infantogram made for rickets mentioned 
by Park and Howland by my own method is quite 
similar to the Infantogram made for rickets that came 
under my observation, as shown in Fig. 28. Judging 
from the fact that the severe cases of rickets under 
my observation were accompanied by dystrophy, it 
may be supposed that rickets observed by Park and 
Howland should have been accompanied also by 
dystrophy. 


3) Changes of the Infantogram induced by therapy with V.D, and citric 
acid in the cases of severe ‘‘ Dystrophic Rickets ” 

The Infantogram for the severe rickets mentioned above are made from 
the values measured of the patients from the time when they were first admitted 
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to the department of pediatrics of the Tohoku University. The Infantogram 
made for the therapy of severe rickets by using citrate and V.D, and in parallel 
with the observation of the rachitic degeneration are shown in part in Fig. 29. 
As shown in the figure, the shape of the Infantogram characteristic of the dystro- 
phy approaches that of the Infantogram for normal children as the rickets are 


being cured. 
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Fig. 29. Changes of the Infantogram induced by therapy in the cases 
of severe ‘‘ Dystrophic Rickets.” 
Note: R represents the degree of degeneration in rickets. 


VI. INFANTOGRAM OBSERVED FROM THE ACTUAL PHOTOGRAPHS 


We measured and took pictures of more than 200 children who had various 
physical characteristics. Then, a comparison of the actual photographs with 
their Infantograms was made. See Figs. 30 to 37. 

The relation between the physical characteristics and the shapes of the 
Infantogram is given in Fig. 38. Of course, there are many types in each type, 
such as transitory or mixed type, and it is impossible to get them strictly classified 
but I have classified them into five, from Type I to Type V, for the sake of 
convenience. In generally, small and thin children show the Type I, tall and 
slender one show the Type II, normal one in average build show the Type III, 
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Fig. 30. Child A and Child B were 


. bed Fig. 31. The same boys as shown in Fig. 
otographed and measured at ] years da nd ‘ . 
P ies aaah 18, age 2 years and 10 months, and in good 


2 months of age. Child A showing a ; : ’ 
F ‘ . a 8 health. Child A showing a_ conspicuous 
dystrophic state, while Child B a_ well- : ae 
wisi é change in state of nutrition as a result of 
nourished state as shown in the photograph, ee : “a Tae 

; ? i dietetic therapy, while Child B maintains 
and their Infantograms showing a charac- ‘ 5 ae? 
mo ? Piss his good conditions. Their measurements 
teristic feature, respectively. Their measure- 
: are as follows: 
ments are as follows: 








Measurements Child A. | Child B. Measurements Child A. | Child B. 
Weight 6.4 kg 10.5 kg Weight 12.2 kg 14.0 kg 
Height 70.0 cm 76.0 cm Height 82.5 cm 88.0 cm 


Chest girth 40.0 cm | 48.0 cm Chest girth ; 312cm | 55.0cm 


Upper arm girth 11.4cm 16.0 cm Upper arm girth 15.7cem | 17.6cm 


short and stocky one show the Type IV, and tall and obese one show the Type 
V. Besides, it was as¢ertained in my observation that dystrophic children 
belonged to the Type I or II in most cases, and well-nourished ones belonged 
to the Type IV or V. 


VII. Discussion 


A large number of attempts have been made to evaluate graphically the 
development of the nutritional status, physical strength or physical fitness of 
children, and I have found 31 references in the literatures published in Europe 
and America and 12 in Japan. These tables differ from one another in structure 
according to the objects intended for by the authors, but they have one thing 
in common, that is, they are based on the body measurement and classification 
by age. The number and kind of items the various authors selected for the body 
measurement may be classified as follows : 
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Fig. 32. The same boys 4 years after they 





were photographed as shown in Fig. 18, that Fig. 33. Child C. and Child Dare both 
is, they are 5 years and 2 months of age. 1 year and 9 months of age. They form an 
They became a little more slender than extreme contrast in their physical status. 
when they were in Fig. 19. Their measure- Their measurements are as follows : 

ments are as follows : 

Measurements Child A. | Child B. Measurements Child C. | Child D. 
Weight 14.7 kg 17.5 kg Weight 6.2 kg 12.8 kg 
Height 98.7 cm 105.0 cm Height 72.0 cm 82.5 cm 
Chest girth 52.5 cm 55.6 cm Chest girth 42.0 cm 50.9 cm 
Upper arm girth 14.8 cm 16.5 cm Upper arm girth 9.9 cm 18.5 cm 


Single item—Weight*™ Height®) Head girth?!) Bone!” 
Figures represent the reference numbers, and they are the same in the 


following. 


Two items or above— 
Weight and height.*)5)7) 15) 15) 18) 22-25) 25-29) 31-52) 37) 40) 42-43) 
Height and calf girth.?*) 


- 


The distance between the mamillae and that between the mamilla and 
the umbilicus. 
Height and other item.!-?) 


Weight, 
Weight, 
Weight, 
Weight, 
Weight, 
Weight, 


height 
height 
height, 
height, 
height, 
height, 


and chest girth.4!)4) 

and head girth.) 

chest girth and head girth.*) 
chest girth, and sitting height.** 


chest girth, head girth and upper arm girth.” 
chest girth, head girth and other item. 
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Fig. 34. A healthy well nourished female 
infant, aged 5 months. Her measurements 





are as follows. 





Fig. 35. A severe case of dystrophic 


Wage we rickets, a boy 1 year and 6 months old, 
Height 65.0cm degree of the rachitic degeneration (4). He 
Chest girth 45.0 cm is a case of example No. 3 in Table 8. 
Upper arm girth | 17.7 cm Confer the table for the bodily measurements 


and other records of the examination. 


Weight, height, chest girth, hip width and calf girth.!°17) 
Weight, height, chest girth, hip width, calf girth and other bodily measure- 
ments.*9) 
Weight, height, chest girth and other physical attributes.©%638) 
Weight, height, and many other various mental or physical attributes.!”)) 
As seen from the classification given above, the combination of the weight 
and height is the largest in number, followed by those which take into account 
of the chest girth, head girth, the girth of extremities and hip width. 
Umezawa*), Yoshiya*) and Fukinbara™®) and others emphasized the fact 
that the upper arm girth would serve as a good guide in making a evaluation 
of the nutritional staus of the infant or young child, and it is because my at- 
tention was called to the difference observed in our daily clinical observation 
in the upper arm girth of the infants or young children with eutrophy and that 
with dystrophy, and also because it is to easy to measure the upper arm girth, 
that I added the upper arm girth to the weight, height and chest girth in sur- 
veying the nutritional status of the infants and young children. After going 
over the literatures mentioned above, I have designed the Infantogram which 
can be made easily from the measurements including weight, height, chest 
girth and upper arm girth. 
The Infantogram will be very convenient to use in the routine clinic or in 
any place where the bringing up of children should be observed. It is desirable 
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INFANTOGRAM 
“ 
Fig. 26. Representation of the child, 7 AGE 312310 
shown in Fig. 23, four months after, degree Fig. 27. A severe case of eutrophic 


of the rachitic degeneration (—-). Measure- rickets, a girl 3 years and 3 months old, 


ments and other records of the examination degree of the rachitic degeneration (tH). 


are as follows. He is a case in example No. 24 in Table 8, 





and confer the table for the bodily measure- 





hae eit ments and other records of the examination. 
Height 77.5 cm 
Chest girth 48.3 cm 

Upper arm girth 13.9 cm in the case of an infant to have him 

examined once a month and in the 

Ca 9.9 mg/dl case of young child to have him 

Ca~ 4.4 mg/dl examined two or three times a year, 

P 5.0 mg/dl preferably measuring the body peri- 

Pt. 13.05 B.U. odically, to make an Infantogram, 


paying attention to the deviation of 


the measurements from the standard line and to the mutual relations between 
the measurements, in order to investigate the growth and the nutritional 
status of any infant or young child. 


VIII. ConcLusions 


1) A method for illustrating graphically the growth and nutritional status 
of infants and young children by plotting their weight, height, chest grith and 
upper arm girth in a graph was designed and it was named the Infantogram. 

2) The standard values to be used as the base for making the Infantogram 
were adopted from Yoshinaga’s Table which has been in use as representing the 
standard values for the Japanese children, and the standard values of the upper 
arm girth were determined by calculating the average values from my measure- 
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Type 1 Type H Type M Type Type V 


Fig. 38. Silhouettes of five physical characteristics in young children. 
Type I: Small and thin 











= 























Type II: Tall and slender 
Type III: Average build 
Type IV: Short and stocky 
Type V: Tall and obese 


ments of normal 2,588 children. 

3) In order to make the plotting of the Infantogram more rational, the 
standard values are tabulated by the day-age for the infants up to 100 days 
old and by the 5-day-unit-age for those up to | year old, and by the month- 
age the children one year old and up. 

4) In making an Infantogram, the four measurements including the 
weight, height, chest girth and upper arm girth are compared with the standard 
values by sex an age to obtain the deviations in percent. I have attempted to 
design the Nomograms which are based on the standard values in order to find 
easily the deviation. The Nomogram is convenient to use, but the numerical 
calculation are performed by its scale and the visual observation, they may 
arise errors within 0.5%, to 1.0% in the terms of the deviation in percent. 

5) When the shapes of the Infantogram are classified into five, from Type 
I to Type V, normal children show the Type III in most cases, and well nourished 
ones usually belong to the Type IV or V. 

6) The Infantogram made for dystrophy belonged to the Type I or II 


in most cases. 

7) The Infantogram made for eutrophic rickets in the Tohoku district 
shows no characteristic shape of their own, as compared with those for normal 
children. But, as it is very characteristic in Tohoku District because most 
rachitic children are accompanied by dystrophy, especially so in the case of 
severe rickets, their Infantograms are similar to those made for dystrophy. 
When the shapes of the Infantograms made for 25 cases of severe rickets are 
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compared with the respective Types mentioned above, 17 cases with dystrophy 
belonged to the Type I, 3 cases with eutrophy belonged to the Type III, and 
5 cases with eutrophy belonged to the Type IV. 

8) By observing the processes of citrate and V. D, treatment of the dystro- 
phic rickets by the Infantogram, the shape of the Infantogram which is charac- 
teristic of the dystrophy approaches that of the Infantogram for normal childrne 
as the rickets are being cured. 

9) It was ascertained by comparing the actual photographs of the 200 
children with the Infantogram that the Infantogram would describe well the 
growth and nutritional status of both infants and young children. 


Thanks are due to Prof. T. Sano for his kind guidance and inspection of 
the manuscript and to my fellow-workers in the Department of Pediatrics for 
their cooperation. 

The summary of the content in the present paper was reported by Prof. 
T. Sano as a part of his assigned work ‘ On the Rickets in Tohoku District ” 
before the 57th General Meeting of Japanese Pediatric Society in May, 1954 
in Sendai. 
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Growth of Bones in Rickets. 


l. 

; INTRODUCTION 

\, It is commonly said that the growth of bones is delayed in rachitic cases, 
’s but the past studies have been limited to the carpal and the tarsal bones, no 


report being known treating any other part of the body. The author of this 
paper has undertaken examination of not only the above two parts but also 
of the volar, the digital, the plantar, toe, the extremity and the femoric bones 
of rachitic cases and obtained the following results. 


Method of Investigation 


Of the rachitic cases found by X-ray examination of the right arm-hand 
joints, in the mass-examinations of infants and children undertaken in Miyagi 
and its neighboring Prefectures during the period from the autumn of 1948 
to the end of 1953, I investigated the time of appearance of bone nuclei in the 
carpus, the palm and the finger bones, the tarsus, the sole and the toe, the 

j humerus, the radius, the ulna, the femur, the tibia and the fibula. The number 
of the selected subjects were 7,172 control, 1,317 rachitic, 149 severely rachitic 
and 425 dystrophic children of whom only the wrist bones were examined, and 
164 control, 124 rachitic, 42 severely rachitic and 51 dystrophic children of whom 
the other bone parts were examined. The age where the ossification nuclei 
appeared in the half the number of the cases was registered as the time of ossifi- 
cation of the bone nucleus concerned. The age is indicated as follows: 1 
month includes the period from the first to the 45th day after birth, 2 month 
that the 46th to the 75th and so forth. The period between birth and the 9th 
month is called half year in age, that between 10th and the 15th month, | year, 
from 1 year 4 months to | year 9 months, 10 years and so forth. 


RESULTs OF EXAMINATION 


1) The carpus: The os capitatum shows delay in severely rachitic and 
particulary in dystrophic cases among boys, and in both such cases among 
girls (Table 33). In the os hamatum, in boys, the delay extends over 1 month 
in dystrophic and 2 months in severely rachitic cases, and in girls, 2 months in 
dystrophic and | month in both light and severe rachitic cases. The epiphyseal 
bone of the radius is ossified in the approximately same period in all the four 
groups, but the triquetrum is delayed in the dystrophic cases among boys 1 
year and a half, and among girls, the same length of time in both the rachitic 


Junichi Ishikawa, M.D. (Department of Pediatrics, Tohoku University Medical School, 
Sendai, Japan. Deirector: Prof. Tamotsu Sano) 
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Tasie 33. Carpus 





No. = —— ae Epiphyseal |... 

pores Sex Capitatum Hamatum anes at weit | Triquetrum 
Control 3072 0.3 0.5 2.0 4.6 
Rickets 682 0.3 0.5 1.6 4.6 
Severe Rickets 79 5 0.6 0.6 2.0 
Dystrophy 194 0.7 0.7 2.0 6.0 
Control 2955 0.3 0.4 1.6 3.6 
Rickets 604 0.3 0.5 1.6 | 5.0 
Severe Rickets 61 $ 0.4 0.5 1.6 
Dystrophy 231 0.4 0.6 1.6 | 5.0 


and dystrophic cases (Severe rachitic cases have been excluded, because no such 
cases were examined for the ossification time of this bone.) 

2) The palm bones (Table 34): In no male rachitic cases, appearance of 
the whole bone nuclei was observed during the age under examination, showing 
marked delay, but in dystrophic cases, they appeared in III, IV, and V of the 
metacarpi, delayed for 10 to 2 years than in controls. Among girls, the I-IV 
bone showed the longest delay in dystrophic cases, followed by that of I-III 
in severely rachitic cases and the V metacarpus showed a delay of | year each 


in all the 3 groups. 


Taste 34. Palm Bones 





No. . 
aioe Sex I Ij Ill IV | Vv 
F ——— ae 
Control 67 3.6 2.0 20 | 20 | 2.0 
Rickets 59 Ps 
Severe Rickets 21 
Dystrophy 27 3.6 4.0 | 4.0 
Control 97 2.0 1.6 1.6 20 | 2.0 
Rickets 55 2.6 2.6 2.0 2.6 | 3.0 
Severe Rickets 21 . 3.0 2.6 26 | 30 
Dystrophy 24 3.0 3.0 3.0 
3) Finger bones (Fable 35): The first phalanx showed no appearance of 

bone nuclei in severely rachitic boys, and in dystrophic boys not in I and V 


either. Among girls, the 3 groups showed delay of | to 10 years, the severely 
rachitic and the dystrophic groups showing the highest delay in I, II and in 
III and IV, the dystrophic group. In the second and the third phalanges, 
no bone nuclei were formed in rachitic and severely rachitic boys, and in dystro- 
phic boys, only the nuclei for the second phalanx of I made appearance. Among 
girls, the second phalanges of III, IV and V showed no appearance of nuclei 
in dystrophic cases, and in rachitic and severely rachitic cases, were delayed 
for 14 years. In I and II, the severely rachitic and dystrophic cases showed 
delay. The third phalanges of the other finger than the III did not show 
appearance of bone nuclei, indicating longest delay, and were delayed for | 


year in the rachitic groups. 
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TABLE 35. Finger Bones 





n I Phalanx eII Phalanx III Phalanx 
No. Sex 
veer I} WimWtj)iIv\ vi i} mlmiivi v/a |ai|iIvi v 
Control 67 2.0} 1.6} 2.0] 2.0} 2.0} 2.0) 2.0! 2.6) 2.0) 4.6) 3.0) 2.0) 2.6; 3.0 
Rickets 69 2.6 | 2.6) 2.6 
Severe Rickets | 21 6 
Dystrophy af 3.0| 2.0; 2.6 4.0 
Control 97 2.0} 1.0; 1.0} 1.0} 1.6] 0.1] 1.6) 1.6) 1.6) 1.6} 3.0} 2.0] 2.0; 2.0 
Rickets 55 2.6} 2.0) 2.0; 2.0! 2.0} 2.0! 3.0; 3.0} 3.0} 3.0 3.0, 3.0, 3.0 
Severe Rickets | 21 $ 3.0} 2.6) 2.0) 2.0} 3.0| 2.6; 3.0) 3.0; 3.0! 3.0 3.0, 3.0; 3.0 
Dystrophy 24 3.0| 2.6! 2.6; 2.6| 2.6) 2.6; 2.6 3.0 


4) The tarsus (Table 36): The epiphyseal bone of the tibia is delayed for 
months in rachitic boys, but in dystrophic boys, it was found in advance of | 
months over that in the control. Among girls, it was delayed 8 months in dys- 
trophic, 7 months in severely rachitic and 4 months in other rachitic cases. 
That of the fibula was delayed both among boys and girls for 1—1} years in 
dystrophic cases, and 4 months in rachitic cases. The first and the second 
cuneiform bones made no appearance in boys of any group, and in male dys- 
trophic cases, delayed for 1—2 years, while in girls they were delayed for 1-2] 
years in all the three diseased groups. The third cuneiform bone was most 
delayed in formation in the dystrophic groups. The navicular bone was found 
to show no appearance of the nucleus, except in the dystrophic boys, where it 
was delayed for | year than in the control. 


TasBLeE 36. Tarsus 





\Epiphyseal |Epiphyseal| Third Second First 


No. : : . Navicular 
|Sex| bone of | bone of cunei- cunei- cunei- Race 
| _ | tibia fibula form form form oo 
Control 167) | 06 1.6 0.6 20 | 20 | 30 
Rickets | 69 | s 0.1 2.0 0.6 
Severe Rickets 21 | | 0.7 2.0 0.7 
Dystrophy 27) | 0.5 3.0 0.1 | 40 4.1 4.0 
Control ee 0.4 0.8 0.6 1.6 1.6 3.0 
Rickets | 55 0.8 1.0 0.6 3.0 2.6 
Severe Rickets | 21 | PP ogy 1.0 0.6 3.0 2.6 
Dystrophy | 24 1.0 2.0 a7: ae 2.6 


5) The metatarsi (Table 37): Excepting that the first metatarsus apears 
with | year’s delay, in dystrophic cases, all the other bones are delayed in for- 
mation in all the diseased groups. 

6) The toe bones (Table 38): In male cases, of light and severe rickets, 
none of the bone nuclei was found formed, showing the longest delay. In 
dystrophic boys, the II, III, IV of the first phalanx were delayed for 1- year 
and I, II and III of the second, for 1-14 years. The third phalanx showed 


no appearance of the nuclei in all groups of diseased cases. 
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TaBLe 37. Metatarsi 








ones Sex I II Ill | IV Vv 

Control 7 3.0 4.6 4.6 5.6 5.6 
Rickets 69 

Severe Rickets 21 6 

Dystrophy 27 4.0 

Control 97 2.0 3.0 3.0 4.0 4.6 
Rickets 55 } 

Severe Rickets 21 % 

Dystrophy 24 

TABLE 38. Toe Bones 
2 I Phalanx II Phalanx III Phalanx 
No Sex —— ae —_—______—— 
— 1)/mujmiv! vi 1m jm jIv| v | Ij Iv Vv 

Control 67 3.0| 2.0) 2.0} 2.0} 3.0) 1.6) 2.0) 3.0) — Pad | 5.6| 5.6! 5.6 | 4.6 
Rickets 69 5 | | | | 
Severe Rickets | 21 | | 
Dystrophy 27 3.6| 3.6| 3.6 2.6/3.6) 3.6) | | ae 
Control 97 2.6| 1.6) 1.6) 2.0| 1.0) 2.6] 1.6 36 om 50 5.6 
Rickets 55 2 3.0} 2.0] 2.0) 2.0; 2.0| 3.0 | 
Severe Rickets | 21 3.0; 2.0) 2.0 2.0 56 | 6.0 
Dystrophy 24 2.0 | 2.0 1.4 be a | 


! | | 


Among girls, the first phalanx I, IV and V did not show appearance of 
nucleus in dystrophic cases and V in severe rachitic cases, either. The II and 
III were delayed for 4 months, in all the noncontrol groups. The second 
phalanx was most delayed in light and severe rickets groups, and II showed 
no appearance of the nucleus in severe rachitic and dystrophic group, while 
III was also delayed beyond appearance of the nucleus in the age under exami- 
nation in all the three diseased groups. 

7) In the arms (Table 39): no case of nucleus formation of the major 
tubercle in rachitic and severe rachitic groups of boys, and in dystrophic boys, 
it was delayed 2 years in formation. In the epiphyseal part of the humerus 
was delayed in formation in dystrophic cases 1 year and 8 months, 1 year and 
2 months in severe rickets and 8 months, in light rickets. Among girls, the 
major tubercle and the epiphyseal part of the humerus were delayed for 1- 
years in severely rachitic cases, but in dystrophic cases little difference was 
observed from the control cases. The medial epicondilus, the radial and the 
ulnar bones showed no formation of nucleus within the age under examination, 
so that comparison is impossible. 

8) Under limbs (Table 40): The caput of the femur appears in one year 
after birth in dystrophic cases among girls, showing delay, but no bone nucleus 
of the major trochanter and the proximal epiphyseal parts of the tibia and the 
fibula show no appearance of nuclei in any of the three diseased groups. 
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Taste 39. Arm Bones 








Humerus 
| No. | a ve —| Caput | Caput 
| nate | Sex Caput Major Epiphyseal| Mean | of | of 
| of Pt part of epicon- | radius | ulna 
| humerus humerus dilus 
Control | CF + 1.6 0.1 
Rickets | 69 5 ~ 1.6 5.6 
Severe Rickets | 21 - 2.0 
Dystrophy 27 ~ 3.6 2.6 
Control | 97 ~ 1.0 0.6 4.6 5.6 
Rickets 55 | 2 2.0 1.6 
Severe Rickets | 21 -- 2.6 2.0 
Dystrophy 24 _ 2.0 0.7 
TasBiLe 40. Lower Limbs 
Femur 
low ; ; Caput Caput 
ht | Sex Caput on Epiphyseal of of 
| _of coches | ed tibia fibula 
femur femur 
Control | 67 ~ 4.6 + 4.0 
Rickets | 69 3 + + $ 
Severe Rickets | 21 | + ek | ot 
Dystrophy | 27 aa 4 =e 
Control | 97 | + 3.0 rae vier 3.0 
Rickets 5 | 2 | ~ + + 
Severe Rickets | 21 | + en re 
Dystrophy 24 1.0 + 


Discussion 


Prof. Sano has observed delay in ossification in general in 126 cases of 
rickets, and particularly long delay in severely rachitic cases. Kitagawa and 
Yamaguchi also have asserted such delays. On the contrary, Ukita and Hiro 
say that there is no relation between rickets and the delay in bone formation. 
These reports are based only on studies of the wrist and ankle bones, but I have 
studied the time of ossification of 12 different parts of the skeleton in sucklings 
and infants and have found that delay in ossification in comparison with normal 
children is in fact notable in rachitic and in particular, in severely rachitic cases. 
The delay is low in the wrist and the ankle bones, but the nuclei of ossification 
failed to appear in the age of the examined subjects in the palm, the fingers, 
the sole and the toes in the rachitic boys, and in the capital parts of the femur 
and the fibula in both male and female rachitic cases, indicating extreme delay 
of ossification in these parts. In girls, the nuclei do appear in the age under 
examination, in the other parts, but the nucleus formation is delayed 1-2 years 
than in control subjects, especially greatly in severely rachitic cases. 

In dystrophic cases, the delay in ossification in the wrist and the ankle is 
rather more perceptible than in rachitic cases, and in the boys the palm, the 
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finger, the toe and the arm bones are more frequently delayed in rachitic and 
in girls, more frequently in dystrophic cases. 

In short, ossification has been found to be delayed in rachitic, especially 
in severely rachitic, and dystrophic cases in comparison with normal children. 
Upon comparing rachitic cases and dystrophic cases, generally speaking, among 
boys, rachitic cases more frequently showed delayed ossification, and among 
girls, the dystrophic cases. In all the four groups of normal, rachitic, severely 
rachitic and dystrophic subjects, girls showed perceptibly earlier ossification 


than boys. 


CONCLUSION 


The times of ossification of the bones in the wrist, the ankle, the palm, the 
fingers, the sole, the toes, the arms, the legs and the thigh in rachitic children 
in Tohoku District were examined, and it was revealed that, in rachitic, and in 
particular, in severe rachitic children, the ossification, as judged by the age of 
the appearance of bone forming nuclei, is notably delayed. In comparison of 
rachitic and dystrophic cases, it was found that among boys, the rachitic and 
among girls, the dystrophic cases showed more marked delay in general. 
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Study of Rickets in Twins 


INTRODUCTION 


It is well known that twins and premature infants are especially susceptible 
to rickets. No reports have been made of rickets in twins, except a few on its 
genetic factors. It is, therefore, of interest to investigate other problems of 
rickets in twins, in addition to those of its genetic factors. 

Since the year 1950 the author has observed about 100 sets of twins under 
six years old both in the Department of Pediatrics, Tohoku University and in the 
mass examination of infants and children in this district, and collected data on 
numerous rachitic twins (about 49 sets of twins) diagnosed and verified by clinical 
signs and by roentgenographic and biochemical findings. 

The present paper deals with the following problems of rickets in twins as 
listed below : 

1) The incidence of rickets in twins in this District. 2) The relation 
between rickets in twins and their nutritional state. 3) The living conditions 
affecting the development of rickets. 4) Genetic factors of rickets. 

The determination of zygosity was performed by means of the Siemens 
method, by the examination of the state of the placentae, as advised by the 
gynecologist and midwives concerned, in all cases, and by the examination of 
blood types in many cases. 


OBSERVATIONS 


1) The incidence of rickets in twins in Tohoku District. 

The present author who had observed 77 sets of twins under six from 1950 
to 1952 obtained 46 sets of rachitic twins (59 per cent). (Table 41) 

In the case of children under two years old, of 44 sets of twins observed, 
33 had rachitic manifestation, that is to say, the incidence of rickets in twins 
under 2 years old in this district was actually 75 per cent. (Table 41) 

And it was one of the distinguishing features that rickets in twins were 
observed even in comparatively older age. 

2) The relation between rickets in twins and their nutritional state. 

It is an accepted theory that dystrophic infants are not liable to rickets. 

The present investigation of about 75 sets of twins showed that dystrophic 
twins were, on the contrary, especially susceptible to rickets. 

As shown in Tab. 42, 94.1 per cent of twins suffering from severe dystrophy 
were affected by rickets, of which 53.1 per cent were severe. Of twins with 
slight dystrophy, 62.0 per cent suffered from rickets, of which 38.8 per cent 
were severe. 
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Tasie 41. The Incidence of Rickets in Twins in this District 
soaayyate iiotanantins | 
ee ; ‘= ay Total ; 
»y Twins | : Rickets 
observed | Rickets | Twins Rickets | (sets) 
observed | 
(sets) | 
, | | St ae 
under ly | 10 8 9 8 | 19 16 
I—2y 14 1] 11 6 | 2 17 
2—3y 8 4 9 5 17 9 
3—4y + 0 3 3 7 3 
above 4y | 6 l | 3 0 | 7 1 
Total 42 24 35 22 77 46 
Taste 42. The Relation between Rickets and Nutritional State 


(75 sets (150 cases) of Twins, 1950 to 1952) 








Cases Rickets Severe rickets | Light rickets 
Senne. Quay 34 32 (94.1 %) 17 (53.1 2 15 (46.9 2 
Light dystrophy 29 18 (62.0 2) 7 (38.8 2%) 11 (21.2 2) 
Eutrophy 87 25 (28.7 %) 7 (28.0 2%) 18 (72.0 % 
Total 150 75 31 | 44 


Recently (1954) rickets and dystrophic infants in this district have been 
reduced in number by the health supervision in the form of mass examination 
of infants and children conducted by our clinic these 5 years. For example, 
the nutritional state of twins in the year 1954 in Miyagi Prefecture was, as shown 
in Table 43, distinctly improved, compared with that in the year 1950 in the same 
prefecture, and in proportion as hypotrophic and dystrophic twins were dis- 
tinctly reduced, the incidence to rickets of twins was also reduced from 62.9 
per cent to 15 per cent. 


The Comparison of Rickets and Nutritional State between the 
year of 1950-1952 and 1954 in Miyagi Prefecture 


TABLE 43. 





| 1950—1952 1954 





Eutrophy | Hypotrophy | Dystrophy 





| 
| 
| 
| 


Senne | Hypotrophy, 


Dystrophy 

















cases [rickets cases ‘rickets cases rickets cases | rickets cases sions cases | rickets 
under ly | 0O 0 8 5 | 6 1] 14 1 | 8 3° 2 0 
I—2y 13 4 6 4 | 1 | 10! 13 o!| 1 0 2 2 
Total | 13 4 | 14 9 | 27 | 21 | 27 l | 9 3 4 2 
case rickets! si ckets 34 (62.9 22) in twin cases; 54 rickets 6 (15 2) in twin cases: 40 


(per cent) 


An interesting case of rickets in twins which shows a close relation between 
rickets and their nutritional state is reported as follows: 

Case A, Boys, 1 year 3 months of age (Teruyoshi (T) and Masayoshi (M)) 
homosexual dizygomatic twins. 
and cereals. 


Both were fed artificially with powdered milk 
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Body weight at admission was distinctly reduced in both of them, compared 
with the standard weight (11,100 g.), that is, both were affected by dystrophy 
especially severer in T than in M. Rachitic symptoms and laboratory findings 
showed a typical figure of so-called ‘‘ dystrophic rickets ’”’ as illustrated in Tabs. 








44 and 45. 
TaBLe 44. Rachitic Symptoms. (case 1) 
ian. case oe T M 
Birth weight (g) 1850 2600 
Body weight at admission (g) 5500 7800 
Craniotabes _ | -- 
Asymmetry & flattening of skull + | 
Pieetonsl over-thumb over-thumb 
ts Se € 
Deformity of thorax pigeon breast — 
Rosary ot th 
Harrison’s groove ++ + 
Enlarged wrist +4 | ++ 
Pot-belly | ++ | + 
Deformity of spinal column ++ + 
Deformity of extremities + + 
R.B.C. & Hemoglobin ; oe tga a ax 
Teething | 6/4 4/4 


Roentgenograms of the wrist revealed that M’s wrist (slight dystrophy) 
was of a figure of eutrophic rickets, while that of T (severe dystrophy) was of 
a figure of dystrophic rickets. 

After admission a distinct increase in body weight was observable in both 
by improvement of nutrition—e.g. by intake of high-caloric diet—and by im- 
provement of environmental-sanitation, and in proportion to the increase of 
body weight, their rickets healed step by step. After 3 month rickets in both 
was almost completely healed, without special treatment with VDe, as shown 
both in roentgenogram and in other laboratory findings. 

3) The living conditions affecting the development of rickets. It is of 
interest to find occasionally cases in which one member of a set of twins has 
acquired severe rickets, while the other sibling has grown into a healthy or 
only slightly rachitic child. The present author investigated, in these cases, 
the living conditions affecting the development of rickets, and obtained the 
following results : 

a) The relation between feedings and the development of rickets. 


The difference of feedings between the two members of a twin, for example, 
one of them being breast-fed and the other fed artificially or mixed, was observed 
in 16 out of 49 sets of twins (from 1950 to 1954) (8 monozygomatic and 8 di- 
zygomatic twins). 12 sets of these twins showed that the artificially or mixed 
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Tasie 45. Laboratory Findings 





7 M 





At admission! At the time | At admission! At the time 
Aug. 14, | of discharge| Aug. 14, | of discharge 


1954 Dec. 5, 1954 1954 | Dec. 5, 1954 
Ca mg/dl 8.85 9.8 7.80 9.8 
P ” 2.02 4.50 2.97 4.97 
Pt B.U. 19.60 14.52 26.60 | 12.68 
Mg mg/dl 1.90 2.05 | 
Serum Cl ” 393 374 383 367 
Na mEq/L 136.4 153.5 | 136.4 
K ” 4.2 5.75 | 4.7 
VB, /dl 12 | 11.8 
Fe mg/dl 40.8 37.5 | 
Total 4.60 6.77 5.03 | 8.71 
AL 215 3.98 2.67 | 4.35 
Protein a-gl 0.47 0.99 1160} 1.31 
B-gl 0.83 0.80 0.69 | 0.87 
7-gl 1.06 0.99 0.50 2.18 
Creatin 0.337 0.460 0.2304 | 0.3868 
Urine Creatinin 0.1433 0.0784 | 0.073 | 09-0922 
Ammonium 195.1 177.8 178.5 198.7 
| 
Icterus index 5 6 | 6 | 7 
Liver function —s Ro Rs | es Rs 
Thymol T. test 4.2 2.6 3.9 29 
Electric excitability ~ ~ —- | _ 
E.C.G. normal normal | 
E.E.G. normal normal | 


fed member acquired severe rickets, while the other breast-fed one grew normally 
or with slight rickets. (Tabs. 46) 

And this relation was found to be more distinct in dizygomatic than in 
monozygomatic twins. The exceptional 3 cases (case 2, 5, 13) are considered 
to be with identically severe rickets in both members regardless of the feeding 
conditions, perhaps because of other etiological factors. 

b) The relation between the birthweight and the development of rickets. 

A distinct difference of birthweight (with a margin of more than 350 g) 
between homosexual twin members were observed in 9 (Monozygomatic 5, 
Dizygomatic 4 sets of twins) of 49 sets of rachitic twins (Tab. 47) 

Among monozygomatic twins, 3 of the 5 sets of twins showed that rickets 
was—though in case | it may be necessary to take into consideration the differ- 
ence in feedings—severer in the member of lighter bodyweight at birth. 

Case 2 was found to be similar in the degree of rickets, regardless of their 
birth weight, perhaps owing to the mature age of the twins. The exceptional 
case 4 in which rickets was severer in the member whose birth weight was heavier 
may be due to the narrow margin of birthweight and the difference of feedings 
between the members. 

In case 6 of dizygomatic twins one of the twin members—lighter in birth- 
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Taste 46. Relation Between Feedings and the Development of Rickets 
(Monozygomatic twins—No. 1-8, Dizygomatic twins—No. 9-16) 





Rachitic finding 








No... | Age Name Feeding by X-ray 
I — Ay Mixed chiefly by breast ++ 
ee A, Mixed chiefly by goat milk oe 
B, Breast tt 
2 7m B, Art. by powder milk tt 
3 | 2y 10m C, = by powder milk + 
| yi reast — 
E, Art. by cow’s milk + 
. | stan E, Breast - 
« : E; Art. by cow’s milk ++ 
° | ly Om E, Mixed by cereals powder +4 
6 “= F, Mixed chiefly by breast — 
hoy F, Mixed chiefly by cow’s milk + 
; G Art. by goat milk ++ 
J sy, Gs Breast _ 
H Mixed by powder milk + 
8 iim H, Art. by powder milk - 
J Breast _ 
9 itm : Art. by cow’s milk He 
: K Mixed chiefly by breast a 
10 ly Om K. Mixed chiefly by powder milk -$wt 
11 Se ies L, Mixed by cow’s milk ++ 
y L, Breast — 
M, Breast rie 
2 iy om M, Art. by cow’s milk + 
13 11 N, Mixed chiefly by evaporated He 
_ No Mixed chiefly by breast sree 
-< O Mixed chiefly by breast —- 
i¢ sy Sm O, Mixed chiefly by goat milk # 
, Q Art. by powder milk + 
15 2y 6m ra) ; eal ; 
16 | a R, Breast — 
R, Art. by powder milk a 
TaBLe 47. Relation Between Birthweight and the Development 
of Rickets (homosexual twins 
= Rachitic 
| No. Age Name oa Margin finding 
8 by X-ray 
: Cc 1280 ‘ ce 
| 2y 10m , 2400 1120 a 
‘ ; S 1850 — + 
roe 2 2y 2m Ss. 2620 770 4 
Monozygo- | T 1940 Mi 
matic 3 5m T. 2560 620 ot 
twins 2 =. ; 
4 dy On on pone 400 # 
° , Ge 1850 - 
U 3180 - 
5 ly 6m U, 2700 480 is 
V, 2060 ; it 
6 ly 3m Vv. 2620 560 HH 
Dizygo- f 11m st pn 400 HH 
—_ : _— W, 2630 ons ~ 
ins 2y 6m W, 2950 4 
a X, 2250 a7 + 
9 7m X, 1880 370 + 
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TaBLe 48. The Degree of Rickets in 49 Sets of Twins by 
Roentgenogram of Wrist 











Monozygomatic Dizygomatic 
No. of twins 27 (sets) 22 
Conspicuously concordant 1] > 
Slightly concordant 6 6 
Slightly unconcordant a 6 
Conspicuously unconcordant 5 7 


weight—roentgenollogically showed a figure of the so called ‘‘ dystrophic ” 
rickets while the other heavier in birth weight revealed that of “‘ eutrophic ” 
rickets. 

In case 8 rickets was severer in the child with lighter birth weight, and in 
other 2 sets of twins (case 7 and 9) rickets was of similar degree, regardless of 
birth weight. From these observations, the present author could not confirm, 
although possible, an influence of birth weight upon the development of rickets, 
because of small number of the cases. 

c) The relation between child care and the development of rickets. 

It is beyond question that faulty child care causes severe rickets. 

A difference in child care between twin members, for example, one of the 
twin is fed by its mother while the other is by its grand mother or a foster mother 
—was observed in 8 out of 49 sets of rachitic twins. 

5 out of the 8 sets of the rachitic twins were found to be different in the 
degree of rickets between the two members, (5 monozygomatic sets and 3 di- 
zygomatic sets) although it should be noted that a difference of child care is 
always accompanied by a difference in feeding. 

The following case of identical twins, in which the two members lived apart 
in different living conditions under similar artificial feeding, exhibited that 
child care (life enviroment) plays also an important role in the development of 
rickets. 

Case B, Boys, identical twins, Makoto and Satoru, 6 months of age. Both 
were born in the 9th month (Makoto’s birthweight 2,500 g. Satoru’s birth- 
weight 2,300 g). Makoto, was fed artificially on milk powder and cereals powder 
by his mother and Satoru was fed on quite similar feeding in different living 
conditions by a foster mother. At 6 months old, (Makoto’s bodyweight 7,300 g, 
Satoru’s body-weight 6,980 g) rachitic symptoms (especially deformity of skull, 
thorax and extremities and rosary) were distinct in Makoto and roentgenologi- 
cally rickets was found only in Makoto. 

4) Genetic factors in the development of rickets. 

As has already been mentioned, the results of the observations of 49 sets 
of distinctly rachitic twins obtained by the author indicated that the development 
of rickets was prone to be influenced by the life enviroment, nutrition, feedings 
and birth-weight, etc. The degree of rickets in both the members by roent- 
genogram of wrist in 49 sets of rachitic twins, are shown in Tab. 48, e.g.—the 
degree of rickets in the two members in monozygomatic twins was found roent- 
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genographically (from the present state of rickets) to be concordent in 17 (62.9 
per cent) and unconcordant in 10 (37.1 per cent) of 27 sets of rachitic twins and 
that in dizygomatic twins was found to be concordent in 9 of 22 sets of rachitic 
twins (40.8 per cent) and unconcordant in the remaining 13 sets (59.2 per cent) 
of twins. However, when those cases, in which a difference of feeding, birth- 
weight, child care, etc. between the two members was recognized, were excluded, 
the degree of rickets in the two members in monozygomatic twins was roent- 
genologically concordant in 11 (84.6 per cent) and unconcordant in the re- 
maining 2 (15.4 per cent) of 13 sets of the rachitic twins and that in dizygomatic 
twins was concordant in 6 (46.1 per cent) and unconcordant in 7 (53.9 per 
cent) of 13 sets of rachitic twins. (Tab. 49) 


TasB_e 49. The Degree of Rickets in 49 Sets of Twins by Roentgenogram 
of Wrist. (excluded the cases in which life enviroment, birth-weight, 
and feeding are different) 





| Monozygomatic Dizygomatic Total 
Number of twins | Pi | Pail | (ects) 
Conspicously concordant 9 | 1 | 10 
Slight concordant 2 5 | 7 
Slight unconcordant 1 4 5 
Conspicously unconcordant l 3 | 


DiscussIOoN 


As mentioned above, the incidence of rickets in twins under two years old 
in this district actually amounted to 75 per cent. 

This high incidence seems to be due not only to their birth with skeletons 
less well mineralized and their greater growth rate but also to the faulty child 
care and feedings in this district. 

Many twins, as is generally known, have to be fed by artificial or supple- 
mentary feedings because of insufficient amount of breast milk to feed siblings 

Because of insufficient knowledge of what constitutes adequate and enonomic 
factors, artificial or supplementary feedings in this district, however, are un- 
doubtedly defective, involving the qualitative and quantative lack of nutrients 
and the use of a large amount of cereal powders instead of breast milk. The 
twins in this district, therefore, frequently suffer from malnutritions and severe 
rickets. 

Dystrophic infants are, as generally accepted, considered to be unsusceptible 
to rickets. 

The present investigation, however, as has been mentioned, showed that 
dystrophic twins are especially susceptible to rickets and that the rickets in 
twins are healed by improvement of nutrition, that is, by the intake of high- 
caloric diets, and of life conditions without special treatment with VD. (case 


A). 
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In brief, a close relation between rickets and undernutrition was recognized 
in twins. In other words, the twins may be considered to be unsusceptible to 
rickets, provided care is taken to avoid malnutrition. Therefore, the faulty 
feedings (lack of vitamins and other nutrients) and life conditions are assumed, 
though it is beyond question that VD deficiency is the essential cause, to be also 
responsible for the development of rickets in twins. 

The above mentioned facts in twins are entirely in accord with Prof. Sano’s 
observations?) in which he proved that the majority of dystrophic infants in 
this district were suffering from severe rickets and stated that because dystrophic 
infants are prone to acquire severe rickets, attention should be paid to protect 
infants from malnutrition. 

From these view-points, Prof. Sano has made a proposal that rickets ought 
to be divided clinically into 2 forms, “‘ dystrophic ” (dystrophic infants with 
rickets) and ‘“‘ eutrophic ”’ rickets. It is, therefore, obvious that artificially or 
mixed-fed sibling of a twin acquires severe rickets, while the other breast fed 
one grows normally or with only slight rickets. 

Dreyfuss (1936)®) reported a case of rickets in twins in which one of the 
twin, whose birthweight was 1,600 g, acquired severe rickets while her twin 
brother, whose birthweight was 2,600g, grew into a healthy child and concluded 
that the severe rickets in the one with lighter birthweight was due to inherent 
inability to absorb vitamins even when they were given in more than a sufficient 
amount and to the inability to utilize them. The present author could not 
confirm, although possible, the influence of birthweight upon the development 
of rickets because of the small number of the cases studied. 

The role of genetic factors in the development of rickets is not yet com- 
pletely clear. V. Verschner* (1930) collected reports on rickets in twins from 
the past literature and reported that 75 per cent of the rickets cases are affected 
by genetic factors in occurence. W. Lehmann! (1936) also observed 134 sets 
of twins clinically, and described that the degree of rickets in both siblings of 
monozygomatic twins was concordant in 88.5 per cent and was not unconcordant 
in 77.6 per cent, in both the members of dizygomatic twins, stressing the role 
of the hereditary predisposition in the occurence of rickets. 

After this, W. Lehmann”) confirmed the fact again, by observing 20 sets 
of twins roentgenographically, (chiefly by observations of transverse line). 
Franzi and Leoni®) (1941) stated that in addition to genetic factors, the life 
enviroment also plays undoubtedly an important role in the development of 
rickets. In Mitchel Nelson’s® text-book it is stated that ‘‘ genetic factors play 
a minor role in infantile rickets, although an inherited growth pattern may 
favor or prevent the development of rickets, multiple cases of rickets in a family 
are usually caused by similar unfavorable living conditions or dietary faults.”’ 
Iwakawa®) insisted on the importance of enviromental factors in this country, 
by exhibiting a case of a set of monozygomatic twins in which one of the twin 
fed by cow’s milk acquired severe rickets while the breast-fed one grew into a 
healthy child. The present investigations revealed that the degree of rickets 
between both siblings in monozygomatic twins was found roentgenographically 
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(not from the observations of transverse line, but from the present stage of rickets 
in the wrist) to be concordant in 62.9 % and unconcordant in 37.1 per cent and 
that in dizygomatic twins was found to be concordant in 40.8% and uncon- 
cordant in 59.2%. When those cases in which a difference of feedings, birth- 
weight and child care between the two siblings of twins was confirmed, were 
excluded, the degree of rickets between them are concordant in 84.6% and 
unconcordant 15.4% in monozygomatic twins and concordant in 46.1% and 
unconcordant in 53.9% in dizygomatic twins. Consequently, it is obvious that 
the rickets in both siblings of monozygomatic twins are usually developed 
similarly and that of dizygomatic twins are prone to be dissimilarly developed, 
privided that life conditions in both siblings of twins is similar. It may be con- 
cluded that genetic factors may be accepted as one of the important factors in 
the development of rickets, and faulty life conditions seem to exert a stronger 
effect than genetic factors. 


CONCLUSION 


The present author obtained the following results by observing about 49 
sets of rachitic twins from 1950 to 1954, in Tohoku District : 

1) The incidence of rickets in twins under 2 years old from 1950 to 1952 
was 75%. Recently the incidence of rickets in twins has been reduced by mass 
examination of infants and children. 

2) A close relation between rickets in twins and undernutrition was rec- 
ognized. 94.1% of twins suffering from severe dystrophy was affected by rickets, 
of which 53.1% was severe, and of twins with slight dystrophy 62% suffered 
from rickets, of which 38.8°%,-was severe and on the contrary, of twins with 
rickets (70 cases), 66.6 per cent (50 cases), was suffered from dystrophy, and 
the dystrophic rickets in twins was found to be healed by improvement of 
nutrition without special treatment with VDp. 

3) The artificially or mixed fed siblings of the twins were observed to be 
apt to acquire severe rickets, compared with other breast fed ones. The reason 
may be due to the faulty feeding. 

4) Birthweight may be thought to have an influence upon the develop- 
ment of rickets, although not certain. 

5) Child care plays also an important role in the development of rickets. 

6) The degree of rickets between both siblings in monozygomatic twins 
was roentgenographically concordant in 62.9%, and unconcordant in 37.1%, 
in dizygomatic twins it was concordant in 40.8% and unconcordant in 59.2%. 

When those cases, in which a difference of feeding, birthweight and child 
care was confirmed, were excluded, the degree of rickets in monozygomatic 
twins was concordant in 84.6% and unconcordant in 15.4% and that in dizygo- 
matic twins concordant in 46.1°% and unconcordant in 53.9%. 

7) Consequently, genetic factors in the development of rickets may be 
accepted as one of the important factors. However, faulty life conditions pro- 
bably affect the development more strongly than genetic factors. 
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23; The Hardness of Bones with Reference to it’s 
Application in Diagnosis of Rickets 


INTRODUCTION 


Rickets consists of a disturbance in the metabolism of mineral salts taking 
part in the composition of bones, calcium and phosphorus, in particular, and 
consequently, disturbed ossification is the key symptom in its diagnosis. For 
diagnosing purposes, therefore, roentgenograms cannot denied to be the best 
} guides. Especially, when mass examination of infants is undertaken, means 

are called for that can preserve objectively interpretable data and yet are easy 
to operate. The results of inspection and palpation not only are liable to vacil- 
late under the influence of the diagnosing physician’s subjective opinions, but 
also prove to be of unexpectedly low reliability upon comparison of the results 
of my own investigation of 287 rachitic cases in Tohoku District with the findings 
obtained with roentgenograms. The chemical diagnosis by means of serum, 
etc., of rickets is also not always so conclusive as might be desired and is above 
all difficult to carry through regardless of 
place and time in mass examinations. 

On the other hand, it has been re- 
cognized that in rachitic cases, the patho- 
logico-histological disturbance does not 
merely consist in the proliferation of the 
osseous tissue at the epiphyses, the de- 
ficient precipitation of ‘calcium salts in 
that tissue and the disturbance of ossifica- 
tion in the epiphysial cartilaginous matter, 
but also in the proliferation of the os- 
seous tissue beneath the periostum of the 
diaphyses involving the trabecular bone. 
Thus calcium salts subject to dissolution 
in the diaphyses !also result in the mol- 
lescence of the bone. 

In consideration of these facts and 
under the impression that a method of 
exactly measuring the hardness of bones 
would be useful in diagnosing rickets, 
Fig. 39. The structure of the experimental the author of this paper, under the 
Osteometer. (Tohoku-Pediatric Osteometer) kind guidances and _ instructions of 
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Prof. Sano and Mr. Toba, Doctor of Agriculture, planned the construction of a 
meter to measure the hardness of bones—let me call it an ‘“‘ Tohoku Pediatric 
Osteometer ”’ (Fig. 39)—and made some experiments with it, as reported in the 
following. 

I. The Structure of the experimental osteometer and how to use it. 

The osteometer I have made in trial is constructed as shown in Fig. 39. 
It consists of a steel needle 1.5mm in diameter, a depth adjustor, a cylinder 
for indicating the depth, a spiral spring and a dial for indicating the hardness. 

Directions for use: 

1) Disinfect the skin covering the area over the bone to be tested as usal. 

2) Anaesthetize by infiltration of 0.3 to 0.5 ml of 1% novocain solution 
to the depth of the periosteum. Simulatneously with the anaesthization, the 
thickness of the subcutaneous tissues should be measured. 

3) Adjust the depth indicator and the depth adjustor to the thickness of 
the soft tissues, moving them up and down, to fit the length of the exposed shaft 
of the needle to the thickness of the 
soft tissues. Fig. 41 

4) Pierce the jsoft [tissues with Regression Line 
the osteometer so that the point of IT} 25392 42.737 
the needle reaches the periosteum, and 
make sure of the reading of the depth 
indicator. This operation will result 15 
in the narrowing of the interspace 
of the osteometer and the soft tissues, 
so that the indicator on the hardness 13 
dial does not move. 





Ca. contents (8/00g) 
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Fig. 40. Weight equivalents between indication of osteometer and inserting power by 
Kg. 
Fig. 41. Relation between Ca. content and hardness of bone. (Femur of albino rat) 


5) Next, with your eyes on the depth indicator, push the point of the 
needle just 5 mm from the periosteum into the osseous substance. The resistance 
against the introduction of the needle point will cause the spiral spring to twist 
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and turn the indicator on the dial. 

6) Pull out the needle, infiltrate the site with 5,000 to 10,000 units of 
aqueous penicillin and cover with a piece of adhesive plaster. With this, the 
measurement is over. 

7) On the units to be used in the indication of the hardness of bones, I 
used three springs, A, B and C of different elasticity in my osteometer, and found 
the springs B and C to be serviceable in most cases in measuring the hardness 
of bones of infants. The power require for inserting the needle point into the 
bone substance is transmitted through the resiliency of the spring to the indicator 
which moves on a dial calibrated to the degrees Cy—C,; and Bp—B,;. A diagram 
of weight equivalents prepared from the collat readings of the indicator and the 
measured power of insertion shown in Fig. 40 will facilitate an estimation of the 
hardness of bones in terms of kilograms: of the pressure required of the needle 
point to enter the tested bone. 

II. The Hardness of Bones and Calcium content in them. 

The hardness of the femoral bones of albino rats made experimentally 
rachitic was measured and studied in collation with their calcium content. 

1. Method of determining the calcium content of the bones. 

In conformity with Nishida’s method, improved in some points, I determined 
quantitatively the calcium content in the following manner: 

a) The femurs were extracted and their hardness measured at their distal 
epiphyses and then the soft tissues over them were carefully peeled off. 

b) The bones were then dried in a porcelain crucible in an electric furnace 
at 150—200°C for 15-20 hours and weighed. About 0.1 g of each sample was 
used in the experiment. 

c) The temperature of the electric furnace is raised to 800°C to incinerate 
the samples. 

d) 1 ml of dilute hydrochloric acid was added and heated to dissolve the 
sample, which was then washed out into a beaker with hot water, and using dilute 
ammonia, 2%, ammonium oxalate (5 ml) and hot 6N sulfuric acid (15 ml), 
calcium in it was titrated with 0.1 N potassium permanganate solution. In 
this case 0.002 and 0.004 g of calcium were titrated out of 1 ml of the solution. 

2. Experimental results 

As shown in Tab. 50 and Fig. 3, the calcium content in the femurs of rachitic 
albino rats registered 7.81—10.52 g/100 g, showing a decrease in comparison 
with the values 12.9115.92 g/100g¢ of the controls. On the other hand, the 
bone hardness was foung to be 0.9—2.4 kg at the distal ends of the femurs, again 
showing a decrease against the controls, which showed the values of 2.2—4.9 kg. 
The Fig. 41 leads to a supposition that there is a certain correlation between the 
hardness and the calcium content of bones. 


3. Hardness of Bones in Infants 

Using the above trial osteometer, I measured the hardness of bones of 
human babies under three years of age. The results of the measurement is 
shown in Tab. 51, and the distribution of hardness by healthy and rachitic babies 
is plotted in Fig. 42. The presence of rickets is diagnosed by roentgenograms 
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Tasie 50. Relation between Ca. Content and Hardness of Bone. (Albino Rats) 





Degree of | Body weight Weight of | Ca Value Hardness 











Rat No. Sex ? Bone 
Rickets (g) (mg) | (g/100 g) (kg) 
I 9g 4H 60 100 | 7.81 0.9 
2 r.) + 69 100 8.61 1.2 
3 r.) 4 57 92 | 9.58 1.2 } 
+f 2 t 58 91 7.92 1.0 
5 2 + 63 97 | 8.70 1.15 
6 Q + | 121 165 | 12.31 | 2.4 
7 Q + 123 189 10.52 | rae 
8 r. + 125 242 9.92 2.4 
9 2 + 114 201 8.25 1.4 
10 Q _ 48 75 13.63 2.4 
11 r.) _ 61 87 13.82 2.9 { 
12 Q _ 77 118 13.69 2.9 I 
13 2 — | 77 129 13.97 3.5 
14 fo} 118 220 13.36 2.6 
15 ) — 162 274 14.38 2.9 
16 | 3 _— 215 232 15.92 3.9 
17 | @¢ . | 160 236 15.27 3.9 
18 fo} ~ 130 194 12.29 2°4 
kg. 
7 
6 © 
°° 
° ° 
5 ° oOo °° ° 














Fig. 42. Distributior. of the hardness of the bone in rachtic & normal infants. 


(end of radius) 


of the distal epiphysis of the antebrachial bones. 

The mean hardness of bones is shown by monthly age in Tab. 51, in which 
it is seen that it is 2.15 kg at birth, and gradually rises with the lapse of months 
to reach 4.28 kg one year after birth. In rachitic babies, the hardness remains 
at 1.15-2.6 kg regardless of age or an average of 1.8 kg, in all the 32 cases tested. 
As shown in Fig. 43, it was found also that when the rickets is alleviated by 
medical treatment, the hardness increases abreast with the improvement in 
X-ray findings. 
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Tasie 51. Determination of the Hardness of Bone in Infants. (Radius) 





fide No. of Range Mean | Standard Deviation 
—_ Determination | (kg) (kg) | (kg) 
Premat. 12 1.45~2.80 a | 
1m. | 6 | 1.70~2.90 2.32 att 
2m. | 6 1.85~2.50 so 7 
3m. 9 1.70~2.70 2.31 | 0.29 
4m. 4 2.70~3.30 ‘ ‘ 
5m. si 8 2.55-~3.30 2.4 0.50 
6 m. | 4 3,30-~4.80 wien | ( 
7m. | 6 2.60~4.05 = | ita 
8 m. 2 3.55~4.85 , ome 
9m. | 7 3.30~6.00 “= a 
10m. | 8 2.70-~5.50 
lim | 5 2.90-~5.70 4.28 +101 
} 1—3 y. | 12 3.20~5,50 4.28 +1.10 
Rickets. 32 1.15~2.60 1.80 +0.40 
Case No. 1 H.K. $6. 2Y. OM. Case No.2 M.K. 92. 2Y. OM. 
10. Sept. 1953 After 3 months 10. Sept. 1953 After 3 months 


f 


AMR 


Hardness 1.9 kg 3.3 kg Hardness 1.7 kg 2.5 kg 
Fig. 43. The hardness of bones before and after the treatment of vitamin Dg in rickets: 





CONCLUSION 


For trial, the author devised an osteometer for measuring the hardness o 
bones and experimentally proved that there is a correlation between the hardnes 
and the calcium content of bones using femurs of albino rats, and then surdied 
by means of this apparatus the change in bone hardness in infants by age. Thus, 
I have succeeded in proving that the hardness of bones is abnormaly lowered 
in rachitic babies. The osteometer is useful in the diagnosis of rickets. 
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Studies on Experimental Dystrophic Rickets 


I. Effect of Qualitative Modification in Rachitogenic Diet 
on the Development of Rickets and on the Changes 
in Bones in Rats. 


Rickets has been regarded as the disease which will develop in well nourished 
more than in poor nourished infants and children. But recently, Sano reported 
that rickets especially of severe cases, would actually prevail in ‘‘ 
more than in “ eutrophic” infants and children. 

This fact may seem contradictory to the general concept of rickets hitherto 
accepted. In order to clarify this fact, the present experimental studies of 
rickets with reference to nutritional situation were carried out. 

In this paper, the influences of dietary factors, especially protein, amino 
acids and carbohydrate, on the rachitic changes in the bones and the gain in 
weight in rats were studied. 


dystrophic ” 


“e 


EXPERIMENT 


Weanling rats 30 to 40 gm. in weight were used in these experiments. The 
diets used in these experiments were prepared by modification or partial replace- 
ment of Steenbock’s diet (No. 2965), i.e., the enforcement of the excess of casein 
and sugar (Exp. 1), replacement of the gluten in this diet by soybean corn and 
casein (Exp. 2), and the addition of the amino acids (2% polytamin, 0.2% 
threonin and 0.1% methionine) (Exp. 3). 

Tables 1 and 2 show the composition of the diets used in these experiments. 
The casein, maiz and gluten were extracted with ether in °* hours. As control 
diet, the modified Steenbock’s diet which was added 1% of yeast to the 
Steenbock’s diet (No. 2965) was used. 

For the histological examination of the bones, middle costochondral junc- 
tions and the proximal ends of tibiae were employed. The histological sections 
were prepared by formalin fixation, frozen method and staining with silver 
nitrate and haematoxylin. The degree of rachitic changes was graded + to 
it which were indicated by the degree of the defect in the calcification in the 
cartilage shaft junctions. The degree of osteoid formation was graded +, +, 
+ and #. 


Results 
EXPERIMENT | 


As is shown in Table 54 and Fig. 44, in high carbohydrate diet, a marked 
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Taste 52. Compositon of the Diet Used in Experiment 1 
High carbohydrate High protein 1-Lysin added Mod. Steenbock’ 
diet diet diet diet 
Yellow maize | Yellow maize Yellow maize Yellow maize 
ground we | ground of. ground 74. ground 
Gluten 10. | Gluten 10. | Gluten 20. Gluten 20. 
CaCO, 0.9 | CaCO, 5.2 | Yeast 1.0 | Yeast 1.0 
Yeast 1.0 | Casein 59. | NaCl 1.0 | NaCl | 
Defined sugar 59. | NaCl 1.1 | CaCO, 1.8 | CaCN, 1.8 
NaCl 1.1 | 
Protein 6.8 | Protein 65.4 | 1-Lysin 0.25 | Protein 12.9 
Carbohydrate 91.7| Carbohydrate 33.4 | Carbohydrate 66.6 | Carbohydrate 66.6 
Ca:P 5.0:1 | Ca:P 5.08:1 | Ca:P 5.08:1 | Ca:P 5.08: 1 
Tasie 53. Composition of the Diets Used in Experiment 2 
Casein-replaced diet Soybean-replaced diet 
Yellow maize ground 74. Yellow maize ground 74, 
Casein 20. Soybean 20. 
Yeast 1.0 Yeast 1.0 
CaCO, 3.75 CaCO, 3.75 
NaCl 1.0 NaCl 1.0 
Protein 27.0 Protein 14.4 
Carbohydrate 54.8 Carbohydrate 61.8 
Ca:P 59:1 Ca:1 5.8: 1 
TasLe 54. Bone Changes in Experiment 1 
Diet No. Rosary "tae Osteoid formation 
217 ~ - - 
High-protein = a bs i) 
221 - -- - 
223 + | t+ + 
High-carbohydrate oa . 4 ° 
diet 226 + | + + 
227 | of | + + 
230 Ht tHt + 
‘ 231 Hb tHt + 
a eee 232 | vi + 
233 ty | tHt ++ 
234 oe tHt ++ 
236 irae tHt + 
Modified steenbock’s 237 oh tHt 4b 
diet 238 +t tHt + 
239 ee tHt + 
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Fig. 44. Gaining in weight of the rats in Exp. 1. 
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Fig. 45. Gaining in weight of the rats in Exp. 2. 

jnhibition of growth could be traced to “ dystrophy.’’ But the rachitic lesions 
displayed by the decalcification with the prolongation of the cartilage were 
evidently present in moderate to severe degree (Fig. 47). In addition to these, 
the characteristic features of the bone changes were indicated by the decreased 
formation of the trabeculae with the thin layers of osteoid due to hypoactivity 
of osteoblasts (Osteoporosis) which was indicated by the decrease of their size 
and number. 

In the group of the rats which were fed on the diet prepared by adding 1- 
lysin to modified Steenbock’s diet, the marked acceleration of gaining weight 
(“‘ eutrophy ”’) and gross rachitic deformities such as rosary were observed (Fig. 
48). Microscopically, the typical rachitic lesions of the cartilage and trabeculae 
were present. Trabecular deformities including the excessive formation of the 
osteoid due to osteoblastic proliferation were also seen. In the group of the 
rats fed on the high protein diet, no rickets was present and the bone formation 
was not disturbed. In the rats fed on the modified Steenbock’s diet, severe 
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Fig. 46. Gaining in weight of rats in Exp. 3. 
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Fig. 47 Fig. 48 





Fig. 47. Costochondral junction of the rat fed on low-protein, high- 
carbohydrate diet in Exp. 1. (‘‘ dystrophic ”’) 

Fig. 48. Costochondral junction of rats fed on 1-lysin added diet in 
Exp. 1. 

The swelling of cartilage shaft junction and the formation of bone 
matrix are more remarkable than in low protein, high carbohydrate diet. 
(‘* eutrophic ”’) 


rachitic lesions were also found, but the formation of trabeculae was poorer 
than that in the rats fed on the 1-lysin-added diet. 


EXPERIMENT 2 


As is shown in Fig. 45, the rats which were fed on the casein replaced diet 
showed a marked acceleration of gaining in weight and the rats fed on the modified 
Steenbock’s diet during this experimental period were greatly prevented from 
gaining in weight (‘“‘dystrophy’’). The rachitic lesions of the bone and cartilages 
are shown in Table 55. In the rats which were fed on the casein-replaced diet, 
no rickets was present, but in the group of the rats fed on the soybean replaced 
diet and modified Steenbock’s diet, the evidence of moderate or severe rickets 
was present. The characteristic changes in the bones of the rats fed on the 
modified Steenbock’s diet in this experiment could be observed by the presence 
of decreased trabecular formation, though they were less conspicuous compared 
with the changes which were observed in the rats fed on high carbohydrate diet 
in Exp. 1. The cartilaginous lesions showing the decalcification and prolon- 
gation were seen in high degree even in such a dystrophic condition. In the 
rats fed on the soybean-replaced diet, rachitic lesions were moderate in both 
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TaBie 55. Bone Changes in Experiment 2 Tas_e 56. Bone Changes in Experiment 3 
Decalcifi- : Decalcifi- | ; 
Diet No.| Rosary | cation of —, Diet No. | cation of | Precio 
cartilage cartilage | remem 
Casein = iw > Polytamin 270 it * 
replaced ~ added a7t = “ 
. 85; — + . 274 H _ 
diet 86 ne + diet 278 1H 
t - 
Mod. 130 + tt fe 281 ++ = 
Steen- 131 at tHt + Threonine) 283 Ht + 
bock’s 132 ft tHt ok added 285 tHt tt 
diet 133 ++ tHt + diet 286 tt = 
287 tHt ++ 
Soybean 121 ++ + 7 es 
corn 122 ++ ++ + Methio- 303 - | = 
replaced = 123 + ++ + nine added 304 Ht = 4 
diet 124 ah + + diet 308 | + = 
Mod. 313 | ++ oe 
Steen- 314 | tHt + 
bock’s 316 ++ =i 
diet 317 tHt + 


the cartilage and bone matrix. No evidence of decreased activity of osteoblasts 
surrounding the trabeculae were found. 


EXPERIMENT 3 


The results are shown in Table 56 and Fig. 46. The influences of polytamin, 
threonine and methionine on the development of rickets and on gaining weight 
could not be observed in this experiment. 


DIscussION 


Rickets could be produced experimentally in both ‘ eutrophic” and 
“dystrophic ” rats by the modification or partial replacement of the Steen- 
bock’s diet (No. 2965) such as replacement of the gluten in this diet with soybean 


9° 


and the casein, and addition of amino acids to this diet or the enforcement of 
excess of the sugar and the casein. And severe rickets was produced even 
in the state of markedly inhibited growth. It might be considered probable 
that in order to produce rickets in such a dystrophic condition, the impropriety 
of the diet composed of low-protein and high-carbohydrate with disproportional 
calcium and phosphorus content is unavoidable. In other words, in order to 
produce “ dystrophic rickets”’ in rats, the diets should consist of low-protein 
and high-carbohydrate with disproportional calcium and phosphorus content. 

To meet this requirement, high carbohydrate (in Exp. 1) and modified 
Steenbock’s diet may be considered. As is well known, protein promotes the 


formation of the bone matrix and the absorption of calcium from intestine. 
With regard to this point, these experiments showed that in the rats fed 
on the soybean-replaced diet and 1-lysin-added diet, the formation of the 








it 
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bone matrix was excessive, while in the rat 
fed on high carbohydrate-enforced diet and 
the modified Steenbock’s diet, poor trabeclar 
formation with thin layers of osteoid (organic 
bone matrix) was found. But even while the 
bone formation was inhibited, the decalcification 
in the cartilageshaft junction and the prolonga- 
tion of the cartilage were evidently on process. 
It may be said that the prominent feature of 
‘“‘ dystrophic rickets” in rats consists of severe 
cartilaginous lesion with less osteoid formation. 


SUMMARY 


1) Rickets was produced experimentally 
in both “ eutrophic’ and “ dystrophic ”’ rats, 
and severe rickets was actually produced even 
in dystrophic rats. 


“c“ 





Fig. 49. Costochondral junc- ’ 
. ‘ 2) In order to produce “ dystrophic 


3 


tion of rats fed on modified Steen- 3 : Y : 

bock’s diet in Exp. 2. rickets,’ the diet made up of low-protein high- 

(* dystrophic ”) carbohydrate with disproportional calcium and 
phosphorus content is necessary. 

3) The prominent feature of ‘dystrophic rickets” 

of severe cartilaginous lesions with less osteoid formation. 


4) No effect was observed by the addition of polytamin (2%), threonin 


in rats seems to consist 


(0.1%) and methionine (0.2%) to the modified Steenbock’s diet on changes 
in the rachitic bones. 


II. Effect of Quantitative Restriction of Rachitogenic Diet 
on the Development of Rickets and on the Changes 
in the Bones in the Rats 


In the previous paper the author reported that severe rickets was produced 
experimentally both in ‘‘ dystrophic” and in “eutrophic” rats under an 
assumption that the diet made up of low-protein, high-carbohydrate with 
disproportional calcium and phosphorus content was necessary to produce the 


9 


“dystrophic rickets ”’ in rats. 

Marfan”) gave a definite opinion that rickets would not develop in dys- 
trophic children, and Jundell® believed the healing or preventive effect of mal- 
nutrition on rickets. McCollum, Simonds, Shipley and Park® showed the cura- 
tive effect of complete starvation on experimental rickets in rats. Yamamoto 


and Gumma® observed the inhibitory effect of dystrophy on the developmen, 
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of rickets in rats. However, E. Park?) has recently made a report that the 
preventive effect of partial starvation on the development of rickets in the rats 
which were fed on Steenbock-Black’s diet could not be demonstrated. 

In this paper the author described his experiments on the effect of the 
quantitative restriction with four kinds of diets composed of different quantities 
of protein and carbohydrate respectively on the development of rickets and on 
the changes in the bones. 


EXPERIMENTS 


1) Experiment on partial starvation 
Weanling rats weighing about 30 to 40 gm. were used in the experiments. 


TaBLe 57. Composition of Diets 


(A) (B) (C) (D) 
Flour maize 74 gr. Flour maize 74 ¢r. Flour maize 74 gr. 74 gr. 
Gluten 20 Soybean flour 20 Soybean flour 15 10 
Ca. carbonate 1.8 Ca. carbonate 3 Casein 5 10 
NaCl 1.1 NaCl 1.1 Ca. Carbonate 3 3 
1-Lysin 0.2 NaCl 1.1 AI 
Taste 58. Analysis of Diets 
Dicts Protein C.H Ca P Ca/P Protein/C.H 
A 12.3gr 66.4gr 745.3mg 148mg 5.0/1 1/5.4 
B 13.8 61.6 1251.3 265 4.7/1 1/4.7 
Cc 16.45 59.85 1253.5 266.75 4.7/1 1/3.6 
D 19.1 58.1 1256.3 268.5 4.7/1 1/3.04 


The composition of each diet is shown in Table 57 and 58. The diet (A) 
which was similar to Steenbock’s ration was composed of low-protein, high- 
carbohydrate (Protein: Carbohydrate=1:5.4). The diets (B) and (C) were 
composed of relatively larger amount of protein and less amount of carbohydrate 
than diet (A). Of four diets, diet (D) was composed of the largest amount of 
protein (Protein: Carbohydrate=1:3.0). Fatty substances contained in the 
maize, soybean flour and casein which were employed in the diets, were sufficient- 
ly extracted with ether in about 48 hours. 

The rats fed on diets (A), (B), (C) and (D) were respectively subdivided 
into two groups and called subgroup (a) (a’), (b) (b’), (c) (c’) and (d) (d’). 
The rats in subgroup (a), (b), (c) and (d) were fed on sufficient quantities (about 
8 to 10 gm. per day) and those in subgroup (a’), (b’), (c’) and (d’) were placed 
on restricted quantities (about 4 to 5 gm. per day) of diets (A), (B), (C) and 
(D). 

The experimental rats were killed at the end of four weeks and the bones 
(costochondral junctions and the proximal ends of tibiae) were examined his- 
tologically. 

Results 

1) Gain in weight 

Inhibitory effects were observed in gaining weight in the rats fed on 
restricted quantities of each diet (Fig. 50 to 53). In particular, the rats in 
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Fig. 50. Gaining in weight of the rats fed on the diet (A) in Exp. 1. 
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Fig. 51. Gaining in weight of the rats fed on the diet (B) in Exp. 1. 
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Fig. 52. Gaining in weight of the rats fed on the diet (C) in Exp. 1. 


b 


subgroup (a’) were in the state of ‘‘ severe dystrophy ” (under 45 gm. at the 
end of four weeks). Of the rats fed on sufficient quantifies of the diets, those 
in subgroup (b) and (d) showed on improvement in the gaining of weight. 
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Fig. 53. Gaining in weight of the rats fed on the diet (D) in Exp. 1. 


2) Changes in the bones (Table 59) 
Tasie 59. Histological Findings in Exp. 1 } 


Breadth of 
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(b’) 413 tt 700~1140 _ 
414 HH | 600~1100 | _ } 
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512 vt tt 
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514 Hit 850~1140 | ++ 
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Cc ———- —— = Sa ae 
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| 517 tHt 710~ 800 + 
| (c’) 518 Ht 570~ 630 + 
| 519 iH 850~ 1000 - 
| | 520 | Ht 1100~1300 + 
521 | iit 710~ 850 | H 
| (d) 522 He | 850~ 910 | + 
| 523 Hit 1000~1150 | + 
D |_———_$_$______|__ . ———————_ ———_—_—_——— 
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In the rats fed on sufficient quantities of each diet, rachitic gross deformities 
were strikingly observed (Fig. 54), except those in subgroup (a), and the absence 
of the calcification in the cartilage was noticed in all of them. As regards non- 
calcified osteoid tissue, its excessive formation with the prolongation of the 
cartilage was evidently seen in the rats in subgroup (b), (c) and (d) while it 
was scarce in those in subgroup (a) (Fig. 55 and 56). 

In the rats in subgroup (a’) which were placed on restricted quantities of 
diet (A), an extensive defect in calcification was confirmed histologically in the 
same degree as those fed sufficiently on diet (A), although the swelling of the 
costochondral junction was only slightly noticeable (Figs. 57 to 60). The 
persistence of the cartilage cells with peculiar deformities which included the 
long winding of peninsula-like projections surrounded by the bay-like invasion 
of widely expanded vessels resulted probably from the anastomosis of the meta- 
physeal vessels through the longstanding compression by cartilaginous deformi- 
ties. ‘The size and the number of osteoblasts both decreased and the formation 
of bone matrix was insufficient. In short, no preventive effect was observed 
by partial starvation in diet (A). In the rats in subgroup (b’) and (c’), there 
was no differences in the degree of calcification in the cartilage, although the 
prolongation of the cartilage and the formation of osteoid were less remarkable 
as in those of subgroup (b) and (c). But in the rats in subgroup (d’), preventive 
effect of rachitic changes was evidently shown, such as regular calcium de- 
position in the cartilaginous matrix and no pathological osteoid formation, while 
in the frats in subgroup (d) fed sufficiently on diet (D), extensive defect in 
calcification was observed (Fig. 61 and 62). 

2) Experiment on complete starvation (Table 60) 

Weanling rats weighing about 30 gm. were fed for four weeks on diets 
(A) and (C) (called group (A) and (C)) which were employed in Exp. 1, and 
they developed severe rickets. At the end of four weeks, water diet was sub- 
stituted for the diets. After 48 hours of complete starvation, they .were sacri- 
ficed for the examinination of the changes in the bones (costochondral junctions 
and the proximal ends of tibiae). ‘The degree of calcification was graded 0 
to 4 as follows : 

0 degree: No evidence of the calcification. 

1 degree: Appearance of the healing line. 

2 degree: Beginning of the fusion of the healing line with rachitic terminal 

segment. 

3 degree: Progressing resorption of the cartilage, with presence of carti- 

laginous deformities. 

4 degree: Completion of the resorption of the cartilage and regular 

vascular *nvasion into the cartilage. 


Results 


As shown in Fig. 63, gain in weight was obviously inhibited in the rats 
fed on diet (A). In the rats in groups (A) and (C), an abrupt loss in body 
weight was ebserved after complete starvation. 











E. Ogawa 


€ 





Tibiae 


4 
1 


106 
Tas_e 60. Degree of Healing 
Diet No. Ribs 
520 0 
A 530 0 
531 0 
532 ft 
‘ 533 4 
os 534 4 
535 4 





Fig. 55. Excessive 


subgroup c. 


NO OO 


formation 











Fig. 54. Costochondral junction 
of the rat in subgroup b. Swelling of 
costochondral junction is remarkable. 


Fig. 56 








which is shown in the rat in ’ 


Fig. 56. Poor osteoid formation which is shown in the rat in sub- 


group a’. 


As shown in Table 60, the curative effects on the rachitic changes in the 


bones were evidently seen in the costochondral junctions and the proximal 


ends of tibiae in the rats in group (C) (Fig. 64). 
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Fig. 57 Fig. 58 








Fig. 57. Costochondral junction of the rat in subgroup a’. Prominent 
feature of cartilaginous deformity with the absence of calcification as same 
degree as in the rat in subgroup a. No preventive effect was revealed. 

Fig. 58. Costochondral junction of the rat in subgroup a’. Swelling 

of costochondral junction is far less remarkable compared with those in 


subgroup b. 
Fig. 59 Fig. 60 
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l Fig. 59. Costochondral junction of the rat in subgroup a. 


Fig. 60. Costochondral junction of the rat in subgroup a. 
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Fig. 61. Costochondral junction of the rat in subgroup d. Absence 


of the calcification in the cartilage is shown. 





Fig. 62. Costoshondral junction of the rat in subgroup d’. Regular 
calcium deposit in the caltilage matrix is shown. Preventive effect is 


evidently seen. 
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Fig. 63. Gaining in weight of the rats in Exp. 2. 


But in the rats in group (A), no curative effect was seen in the costochondral 
junctions (Fig. 65), and even in the proximal ends of tibiae only a slight degree 
of calcification was observed. It seemed to be strange that the transverse zone 
of calcification which appeared in the zone of the proliferative cartilage of the 
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aedat Mee : 
Fig. 64. Costochondral junction of the rat in group C in Exp. 2. 
Lime salt deposition is demonstrated in the provisional zone of calcification 


in the cartilage. Curative effect of complete starvation is evidently seen. 


Fig. 65 Fig. 66 





Fig. 65. Costochondral junction of the rat in group A in Exp. 2. No 
curative effect of complete stavation is seen. 
Fig. 66. Proximal end of the tibia in the rat in group A in Exp. 2. 
Shifting of the healing line to shaft side over the provisional zone of calci- 
fication in the cartilage. 
tibiae in the rats in group (A), shifted to the diaphysis over the zone of pro- 
visional zone of calcification where ordinarily the healing line should be visible 
in the healing of rickets (Fig. 66). 


Discussion 


From my experiments, it may be said that the preventive effect on rickets 
in rats by partial starvation in such a drastic diet as that composed of low-protein, 
high-carbohydrate with disproportional calcium and phosphorus content, cannot 
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be demonstrated. In diet (D) which is composed of rich protein, the preventive 
effect could be demonstrated. The assumption in the previous paper that 
*‘ dystrophic rickets”? might be produced by such drastic diets as those com- 
posed of low-protein, high-carbohydrate with disproportional calcium and 
phosphorus was verified definitely. 

This results are in agreement with Park’s opinion that the preventive or 
curative effect of starvation on rickets should be attributed to the liberation of 
phosphorus from catabolized tissue protein. According to his experiments 
with the rats fed on low-protein, high-carbohydrate diet, the body tissue con- 
sisted of low-protein, so that the phosphorus liberation by catabolism could 
not get such phosphorus level as to exert the curative or preventive effect on 
rachitic lesion. 

In these experiments, the serum obtained was too small in quantity for 
analysis, so an attempt to trace the serum chemical changes failed. But it may 
be said that in order to demonstrate the preventive or curative effect of star- 
vation, improvements in dietary composition, such as protein-rich diet was 
necessary. In other words, no or a little preventive or curative effect can be 
had by partial or complete starvation in such a drastic diet which will make 
rats dystrophic. There may be essential differences between in rats and infants 
in the development of rickets. But this result suggests the possibility of the 
development of severe rickets in dystrophic infants and children. Furthermore, 
it may be assumed that the development of “‘ severe dystrophic rickets ”’ in To- 
hoku District is due not only to vitamin D deficiency but also to a drastic diet 
such as low-protein, high-carbohydrate rations used in the experiments with 
rats. Mellamby* proposed that cereals contain the anticalcifying substance 
called phytin. The low-protein, high-carbohydrate diet employed in the ex- 
periments, therefore, were rich in phytin which originated in maiz and gluten. 

McCane and Widdowson” observed that protein promote the calcium absorp- 
tion from gut, and Lehmann and Pollak"! and Japanese investigators(Kuroda,'” 
Mori,!®) Minami!) reported that the protein derivatives and the amino acids 
also have the same effect on the calcium absorption as protein. Wako, Saeki 
and I'® observed that protein promote the fat absorption from the gut. There- 
fore, the lesser protein is in diet the lesser absorption of calcium, phosphorus 
and fat from the gut will be. The low-protein, high-carbohydrate ration em- 
ployed in the experiments was favorable for the development of rickets, because 
it was poor in phosphorus, rich in phytin and poor in protein. On the hand; 
on such a drastic diet, the decrease in the growth rate was unavoidable. 
Therefore, such drastic diets as those employed in the experiments met the 
requirements to produce severe rickets except one that the cartilaginous growth 
would be inhibited under such a drastic condition. 

The conspicuous feature of “‘ dystrophic rickets” in rats seen in the rats 
in subgroup (a’) fed on a restricted quantity of Steenbock’s ration (low-protein, 
high-carbohydrate diet) may be said to be the peculiar deformities of the 
marked prolonged cartilage and poorly formed osteoid tissue. The prolongation 
of the cartilage observed in these experimental ‘‘ dystrophic rachitic rats” 
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suggests that the proliferation of the cartilage cells may occur even in the state 
of dystrophy, though the rate of growth decreases. 


SUMMARY 


1) The effect of quantitative restriction of diets on the development of 
rickets and on the changes in the bones in rachitic rats were studied. 

2) Preventive effects of partial starvation in low-protein, high-carbo- 
hydrate diets with disproportional contents of calcium and phosphorus, on 
rickets were not observed under such a conditions while they were obviously 
observed with protein-rich diet. 

3) Curative effect of complete starvation on rickets was observed only 
in a slight degree in the rats fed on low-protein and high-carbohydrate diets 
with disproportional content of calcium and phosphorus, while they were clearly 
observed in those fed on protein-rich diet. 

4) In the rats of “ severe dystrophic rickets 
were fed on a restricted quantity of Steenbock’s ration (low-protein, high-carbo- 
hydrate diet), peculiar deformities in the marked prolonged cartilage and poorly 
formed osteoid tissue were the prominent features. 

5) It may be said that the growth of the cartilage take place even in a 
state of dystrophy. 


ws ‘ —T 
shown in subgroup which 


REFERENCES 


1) T. Sano: Acta. Ped. Japa., 1954, 58, 738. 2) Marfan: Zbl. Kinderhk., 11, 234. 3) 
Jundell: Zbl. Kinderhk., 13, 288. 4) Gyérgy: Zbl. Kinderhk., 15,59. 5) McCollum, 
Simonds, Shipley and Park: ‘Johns Hopkins Hosp. Bull., 1922, 33, 31. 6) Yamamoto 
and Gumma: Acta Ped. Jap., 57, 148. 7) Park: Arch. Dis. in child., 1954, 29, 369. 
8) Mellamby: J. Physiol., 1949, 109, 488. 9) McCane, Widdowson and Lehmann: 
Bioch. J., 1942, 36, 686. 10) Hall and Lehmann: Bioch. J., 1944, 38, 114. 11) Leh- 
mann and Pollak: J. Physiol., 1942, 100, 17p. 12) Kuroda: J. Jap. Bioch. Soc., 1955, 
27, 99. 13) Mori: J. Jap. Bioch. soc., 1955, 26, 652. 14) Minami: J. Jap. Bioch, 
soc., 1955, 27, 121. 15) Minami: J. Jap. Bioch. soc., 1955, 27, 269. 16) Wako: 

Ogawa, & Saeki, Unpublished. 





























The Tohoku Journal of Experimental Medicine, Vol. 64, Supplement (IV), March, 1956 


Histopathological Findings of Bones in Rickets 


In the previous paper, observations were made on experimentally produced 
‘dystrophic rickets” in rats. 

In this paper, histological studies were made on the bones of infants and 
children during the first two years of life except the period immediately after 
bith in order to verify the incidence of ‘‘ dystrophic rickets’? in infants and 
children and to examine the changes in the bones. 


Method 


In 20 infants and children under two years of age except those in the new- 
born period who were autopsied in the Department of Pathology, Tohoku Univer- 
sity during six years (1950 to 1955), costochondral junctions from the fourth 
to sixth were employed for the examination. Sections were prepared by forma- 
lin fixation, frozen method without decalcifying and by staining with silver 
nitrate and haematoxylin. 

The severity of rickets was indicated by the degree of the defect in calcifi- 
cation in the cartilage as follows : 

Slight rickets: Presence of the defect in calcification in two or three rows 

of the cartilage columns. 

Moderate rickets: Presence of the defect in calcification in several rows 

of the cartilage columns. 

Severe rickets: Presence of the extensive defect in calcification in the 

cartilage. 

The determination of the duration of rickets was designated as acute> 
subactute and chronic in conformity with Follis, Park and Jackson’s designation. 
Healing rickets was indicated by the presence of the healing line and healed 
rickets by the presence of the residual deformities of the cartilage and trabeculae. 


Results 


As shown in Table 61, rachitic changes were demonstrated in 11 cases 
55.5%) out of 20 examined. These 11 cases included 3 cases of severe, | case 
of moderate, 1 case of slight and 6 cases of healed or healing rickets. 

8 of 11 cases of rickets were found to be in the state of malnutrition, and 
especially all the severe cases were in the state of “ severe dystrophy.” 

In case 1, the defect in calcification in two or three rows of the cartilage 
and trabeculae were found (Fig. 67). This case might be considered as acute 
slight rickets because of the insufficient time that had elapsed since the disease 


had shown its appearance. In the opposite extreme, case 5. was considered 
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Taste 61. Histological Changes of Bones in the Rachitic Children 
: _ | Defect | Prolon- 
No.| Age Sex Major cause Body of calci- gation of Osteoid Diagnosis 
of death weight : AME 
fication cartilage 
Interstitial ee Acute slight rickets 
i |S pancreatitis 7,300 * v with eutrophy. 
Sub acute moderate 
2| O—2 Q | Hydrocephalus 3,180 +t + — rickets with severe 
dystrophy. 
: i owes ; Chron. severe rickets 
- > y 5 99 i il 
3; 0—7 Tbe. meningitis 5,220 ++ with severe dystrophy. 
P Chron. severe rickets 
r 7 ) 4 4b { ; 
4| 0-10) ¢ | Dyspepsy 4,200 “. és ° with severe dystrophy. 
Broncho- a e m Chon. severe rickets 
5; 1-10) @ pneumonia 5,900 a tit i with severe dystrophy. 
Healing 
line 
: : ‘ : Healing rickets with 
6| O—I11 | 8 | Sarcoma 6,500 +4 severe dystrophy 
Hepatospleno- ; : : 
7 1—1 6 megaly 8,200 +- -_ Healing rickets 
8! 0—5 | & | Pyloric stenosis | 3,110 re sescoy Ria 
ae Healing rickets with 
C ee se 4° \ = 
9/ 0-8 9 = Miliary tbe. 4,200 + + severe dystrophy. 
Cong. atresia ss Healing rickets with 
10; 0-8 2 of biliary duct + + + severe dystrophy. _ 
11 1—4 6 Thc. meningitis 11,060 + - — with 
as a typical chronic rickets 





Fig. ¢ 


7. 


a 


Case. 1. Acute slight rickets. 





which could be seen by the 
presence of a broad zone of the 
rachitic terminal segment with 
conspicuous deformities of the 
cartilage surrounded by widely 
expanded metaphyseal vessels 
and of the thickening of osteoid 
boarders (Fig. 68). In cases 3 
and 4, nearly the same findings 
were observed as in case 5, 
though the degree of the osteoid 
formation was less remarkable. 
In case 2, subacute ricktes, the 


defect of calcification in several rows of the cartilage columns showed that 
the length of the cartilage zone was not extensive enough to indicate long dura- 
tion and that the trabecular deformities were less remarkable. 

When healing occurred in rickets, the healing line would appear which 
could be recognized as the transverse zone of the lime salt deposition in most 
It is interesting that this healing line, 
in cases 7 and 8, however, shifted to the diaphysis over the zone of provisional 


recently differentiated cartilage cells. 
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Fig. 68. Case 5. Chronic severe rickets. (‘‘ severe dystrophy ’’) 
Fig. 69. Healing rickets. Healing line is demonstrated at the provisional 
zone of calcification in cartilage. 


Fig. 70. Exacervation after the appearance of healing line. 


calcification in the cartilage where ordinarily the lime salt deposition would 
occur at the healing of rickets. This suggests that the exacerbation has oc- 
curred after the appearance of the healing line. (Fig. 69 and 70) 


DIscussION 


The incidence of rickets has been studied by several investigators by means 
of histological examination. During the first two years of life except in newborn 
period, 92%, of incidence of rickets was observed by histological examination 
by Schmorl in Dresden, 70° by Follis, Park and Jackson in Baltimore and 
35% by Hoto and Wakui in Niigata in Japan. 
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Comparing mine with these datas, it may be said that 55.5% of the inci- 
dence observed in my examination might be considered as not so infrequent 


though they were too small in number of cases to estimate the frequency of 


incidence. Furthermore, from the nutritional status, 8 out of 11 rachitic cases 
were in the state of ‘‘ dystrophy,” expecially those with severe rickets were ali 
in the state of *‘ severe dystrophy.” Follis, Park and Jackson considered the 
development of rickets not to be influenced by the state of nutrition, because 
there was about equal number of children in the ‘* emaciated-poorly ”? nourished 
fair 


‘cc > 


group with or without moderate or severe rickets as there were in the 
or “ good” status of nutrition group. 

T. Sano reported that in Tohoku District, the clinical incidence of rickets, 
especially of severe cases, was distributed more abundantly in ‘ dystrophic ” 
infants and children than in ‘“ eutrophic,” and as regards my examination in 
a series of 11 rachitic cases diagnosed on histological examination, it might be 
considered that rickets was disposed to be more prevalent in “ dystrophic ” 
‘eutrophic ” infants and children. It is obvious that there is no rickets 


. 


than in 


without growth, and the growth of cartilage cells is inhibited in the state of 


dystrophy. 

However, as demonstrated by the marked prolongation of the cartilage in 
the cases of ‘‘ severe dystrophic ”’ severe rickets, it was revealed that the growth 
of the cartilage was capable of taking place even in the state of ‘‘ severe dystro- 
phy,” although the rate of its growth might be reduced. Moreover, it is inter- 
esting that the healing lines encountered in the case of healing rickets, shifted 
to diaphysis over the provisional zone of calcification in the cartilage. The 
same findings as these were already observed in the rats which were examined 
in the experiment of complete starvation in the previous paper. The shifting 
of the healing line to diaphysis suggests that the growth of the cartilage may 
be capable of taking place even in such serious conditions as those in severe 
illness leading to death. 


SUMMARY 


1) The examination of bones was made in autopsied infants and children 
during the first two years of life except the newborn period. 

2) The incidence of rickets was observed in 11 cases (55.5%) out of 20 
examined. 


3) 8 out of 11 rachitic cases were in the state of ‘‘ dystrophy,” especially 
9 


severe cases were all in ‘‘ severe dystrophic ”’ condition. 
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Effect of Rachitogenic Diet on Rickets and 
on the Fecal Fat Content 


It has been concretely understood that rickets is vitamin D deficiency 
disease, but rickets is characterized by deficiencies of phosphorus, calcium, or 
both in the tissue field, and the lesions in cartilage and bone depend directly 
on them and only indirectly on the vitamin D deficiency.1) Accordingly, the 
rachitic diet, apart from lack of vitamin D is very important. Hitherto studies 
have been performed on calcium and phosphorus, metals which form insoluble 
phosphate, fluorine, the acidity of the diet, organic acids, phytate and cereals, 
fat and carbohydrate etc.?? 

From the viewpoint of nutrition, the classification of ‘ dystrophic 
rickets” and “eutrophic rickets”’ by Prof. T. Sano is also significant. At 
the 57th Annual Assembly of the Pediatric Association held in Sendai, May 
13-15, 1954. Prof. T. Sano presented how rickets are to be classified clinically 
into ‘‘ dystrophic rickets” (rickets in dystrophic children) and ‘‘ eutrophic 
rickets ” (rickets in eutrophic children). Hitherto it had been generally con- 
sidered that there was less tendency for dystrophic, or undernourished children 
to be affected by rickets. Studies have been performed in detail on various 
rachitogenic diets, calcium phosphorus metabolism, alkaline phosphatase® ac- 
tivity, and histopathological findings on rickets. But it seems to us that studies 
on the fat content of feces and the effect on rickets of protein are rather few in 
number. Though these studies are sometimes not conclusive, the present 
study was undertaken to determine whether the rachitogenic diet would affect 
the fecal excretion of fat and the manifestation of rickets both in animal ex- 
perimentation and in clinical human rickets. Preliminary studies on the effect 
of various rachitogenic diets on rickets will be reported in another paper. 


Experiments with Rats 


Weanling, Wistar-strain rats were used throughout the experiment and all 
animals were housed individually in our wire-bottomed cages. Food and 
water were supplied ad libitum. The weight of animals were recorded every 
three days. All diets were supplied every day, any food remaining in the cup 
at the time being discarded. Maiz and gluten used as rachitogenic diet were 
carefully extracted by alcohol and ether in 12 hours. Casein was also used 
cautiously as purified casein. Calcium phosphorus ratio of each diet group 
was maintained at 5:1. Rats were all kept in the dark rooms which were 
specially prepared for rachitogenic animal experiments. 


Hiroshi Wako, M.D. Assistant professor, Eiji Ogawa, M.D., Toshio Sacki, M.D. (Depar t 
ment of Pediatrics, Tohoku University Medical School, Sendai, Japan. Director: Prof 


Tamotsu Sano) 


117 





118 H. Wako, E. Ogawa and T. Saeki 


A) Group A (Steenbock modi- D) Group D (high protein 
fication group, incom- group), Group C and 
plete protein group) group D are isocaloric. 
Whole yellow’ maiz, Whole yellow maiz 37 gm 
ground 76 gm Casein 59 
Ground gluten 20 Gluten 10 
Calcium carbonate 3 Calcium carbonate 5.2 
Sodium chloride | Sodium chloride 1.1 
Dry yeast ] Dry yeast 1.0 

(Ca:P=5:1) (Ca:P=5:1) 

B) Group B (Lysin-enforced E) Basal diet: This group 
Group A) 0.25% dl-lysin was not kept in the dark 
was added to group A room and the ingredi- 
diet. ents of diet are as 

(Ca:P=5:1) follows : 

C) Group C (low protein, high Whole yellow maiz 60 gm 
carbohydrate group) Ground wheat powder 20 
Whole yellow maiz 37 gm Purified casein 9.0 
ieceeais 59 Calcium chloride 0.5 
Chieti 10 Ferric citrate 0.1 
Calcium carbonate 0.9 Potasstum iodide vias 
Sodium chloride 1. are ae ~ 
Dry yeast 1.0 Butter 5 


(Ca:P=5:1) 


In each instance fats were extracted from aliquots of the homogenized 7- 
days collection by the method of Fowweather and Anderson.®) Dry yeast was 
used instead of pure crystallized vitamins in all group. 

The rat feces were homogenized by stirring in 8N hydrochloric acid, ali- 
quots of the resulting mixture were treated according to the method of Fow- 
weather and Anderson. 


Studies in Children 


Rickets in animal experimentation and human rickets are not always the 
same in producing rachitic manifestation. Hutchinson*) conclude that there is 
no deficient absorption of fat in rickets, but that in tetany there is a slight defect, 
and that this, with an average motion, is insufficient to affect nutrition. Telfer®) 
in the feces also states that in rickets the concentration of fatty derivatives in 
the feces lies within normal limits, but in conformity with the elimination of 
calcium in the feces almost wholly as phosphate, the combined fatty acids tend 
to be relatively low. It is to be considered that increased fecal fat content in 
rickets may not be definite and sometimes on the upper border-line. 

The authors studied the fecal content of rachitic children who were ad- 
mitted to our Pediatric Clinic and the fecal fat content of celiac disease. 
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Tasie 62. Fecal Fat in Rats by Rachitogenic Diet 
| | ie | Ly | | 
| Xe ~ . . | ° i} © | (ite) * c 
| §& | Beginning of | X-ray findings of =e | ,272 lWf_8 led 
n Group is¢ experiment | rickets | 8s] EE Kes |e 
| ge | 27/1IT 1955 (16/IV-55) 3 aed Sox - o8 P 
| 2 | [eS |) GES ENS hice & 
gu tt 3- 9/IV | 0.311 
Group A | 5 | | | 10-16/IV | 0.288 | 
(Steenbock | | 27/111 | O | | 0.305 
mod. group) 6 | tt 3- 9/IV | 0.319 | 
) | 6 10-16/IV | 0.300 | 
| 7 4 rm | 3-9/IV| 0.314 
Group B | 7 | | | 10-16/IV | 0.316 
(Lysin-enfor- 27/111 | 0 0.318 
ces group) 8 oS | 3- 9/IV | 0.344 
: s. 4 | 10-16/IV | 0.296 
| 13 | i+ 3- 9/IV | 0.251 
Group C | 13 | | 10-16/IV | 0.160 
m (High carbo- | | 27/111 | 0.236 
hydrate group)| 14 | it | 3-9/IV | 0.249 
| | | 10-16/IV | 0.284 
| 19 - | 3-9/IV| 0.126 | 
Group D | 19 | 10-16/IV | 0.199 | 
(High protein | 27/111 0 | | 0.182 
group) | 20 -- | 3-9/IV | 0.180 
| 20 | 10-16/IV | 0.221 
Fig. 71 Fig. 72 
90 
AS zo 80} 
i- a 
Ve 70 r i “0 70+ 
£ cpg . g 
S) 62677 = 
¢ 60F MA sy 
LY 7 
1e 2 Lp GED Bs 
le Ssok Cipro 2 S50F 
1S 2 OP ge > 
i, tego ve 
ee eg 40} 
5) 40 BES 
in as f 
of 30h 30} 
id 1 n l nl 
1 1 i 1 a i iif Pe 1 $i 
in 2429 31 4 4 6 B12 14 16°21 24,29 31 Ye 4 6 N24 6Ner 
Tl 4 
Experimental day Experimental day 
\- Fig. 71. Steenbock-modification group. (Dystrophic rickets, Group A) 
Fig. 72. Lysin-enforced group. (Eutrophic ricket s,Group B) 
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Tas_e 63. Comparison of Fecal Fat in Rats by Rachitogenic Diet 
| be. 2| Fmd , 2 Fecal fat | oes 
; a8 Seg Soieg Dry content of | Fat of of | # 
No. of Animal |€ #2) >o% |S O'S a4 ben F 7 days | ary weight | 2S 
go © BEC Bo iS ale Ss —— | collection, | “TY 8 2% 
Mok) yond & Sm RU gm tc 
42 Hh . 8.484 0410 | 4.83 | 
Steenbock | 43 oe > 6.896 0.479 | 6.98 
mod. 44) 5/XI HL 0 o 4.519 0.345 7.63 0.409 
group 45 +e iy) 5.185 0.378 | 7.29 
46 Hh. &. 6.624 0.434 | 6.55 
Mean: 6.342 | Mean:0.409| Mean: 6.66 | 
ll i ° 6.641 0.358 | 5.40 | 
0.2% | 12 iH S 7.665 0.379 4.94 | 
Threonine- | 13 | 5/XI HL 0 Nt 7.085 0.437 6.17 0.381 
enforced 14 nt ~ 8.379 0.384 4.58 
group 15 HH ae 6.007 0.346 5.76 | 
=) = 
Mean:7.155 | Mean:0.381 | Mean:5.37 | 
21 : el 2.659 0.430 16.17 | 
Normal 22 - seal 2.979 0.562 18.87 | 
basaldiet 23 5x1 | — 8) & 5.158 0.935 | 1811 /o0.601 
group 24 - = | 1.995 0.513 | 17.13 | 
25 &| 4 3.687 0.564 15.30 | 
¥ Mean: 3.496 | Mean: 0.601 | Mean: 17.11 | 
Fig. 73 Fig. 74 
7 
60+ / en - 
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ie 2 
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ov OF cf /, V4 Y 
5 aa 
2 ut ea 
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Experimental day 


Fig. 73. 
Fig. 74. 


High protein group. 


High carbohydrate group. 


Experimental day 


(Group D) 
(Dystrophic rickets, Group C) 
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TaBLe 64. Fecal Fat Content of Rachitic Children 








| N | Number of Fecal | Fecal 
| Name | ares . wet fat 
Case of the Sex | Age % oy See —— | weight, | content, Diet 
| patient ? eo | gm gm | 
; | per day | per day | 
1} Be | « I1m rm 8 345 | 3.95 | Cow's 
milk 
z M. S. 6 Ilm “fe 4 20.7 1.98 ” 
3 N. G. f} ly 6m H 4 17.3 1.65 ” 
} a ‘ Mixed 
4 , woe 6 ly 9m . + l 59.0 1.83 diet 
> | F..2@: 9 ly 7m + 3 19.0 1.27 ” 
6 | &&. Q |2y 10m + l 61.7 3.84 ” 
, )} &e Q | 2y 6m + 2 39.3 1.65 ” 
8 R. K. Q 2y 3m at l 42.8 1.34 ” 
RESULTS 


Table 62 illustrates the results obtained from rachitogenic diet. There 
was no significant difference between Group A and Group B fecal fat content. 
But remarkable growth was observed in Group B compared with Group A. 

Rickets in Group A showed to be our “ dystrophic rickets ’’ (Fig. 71), 
while rickets in Group B showed to be our ‘“‘ eutrophic rickets’ (Fig. 72). A 
significantly lower level of fecal:fat content of rachitogenic rats was recovera- 
ble from feces of the rats fed with casein-rich diet (Group D) (Fig. 73) 
than from those of the rats fed with the sucrose-rich diet (Group C) (Fig. 
74). 

Table 63 shows the result obtained from normal basal diet, in group A 
and in threonine-enforced group. Fecal fat content of basal diet containing 
fat in diet was rather higher than that in rachitogenic and threonine-enforced 
group diet, but these results were not significant. Table 64 shows the result. 
Two cases out of 8 showed distinct steatorrhea, though fat contents of other 
cases fluctuated within the normal range showing generally slightly higher 
values. Table 65 showed the result of fecal fat percentage of rachitic children. 
Table 66 showed the fecal fat content of a celiac patient, 2 years and 3 months 
old, who was admitted to our clinic. Of course, he showed a high value of 
fecal fat content (14.0-13.3 gm. per day) and fecal fat percentage of dried 
weight (61.9-63.7%) definitely. 


DiscussION 


Years ago McColum, Simmonds, Shipley and Park demonstrated that 
starvation had a curative effect in the rachitic rat. But Park!) recently states 
that illness may affect rickets in two distinct ways, one favorably, the other 
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TasLe 65. Fecal Fat Percentage in Rachitic Children 











| N | a ; Number of Fecal fi 
Name umber o cal fat 
Group | ‘of the | Sex | Age | a a fecal fat content 
| patient | | cana investigation (% 
| KF | 9 IIm | Ht 4 51.3 
| ee | 8 2y 10m | a 3 oe 
| ew | 2 2y 3m | H+ 2 i 
Group A | H. F. | 2 13y 7m | +H 1 55.8 
| M. M. | @ | 3y 2m | Ht 2 19.3 
| | | Mean: 32.3 
| KF | 9 | 12m | # 3 72.0 
| BG | ¢ | ly 6m +t 2 40.5 
; | a | r.) ly 7m | 44 4 17.3 
| T.O0. | @ | ly 9m | + 1 26.2 
| oS. 6 | 2y 11m | ++ 1 14.8 
Group B| K. H. 6 | 2y Im ++ 1 28.9 
| KK. | 6 | 3y 2m | +H 2 19.4 
| ee | Si a ae ++ 2 29.8 
| HF. | @ | 13y 2m | + 2 21.0 
| | | — 
| | Mean: 30.0 
S. S. e | Ilm | + 3 37.8 
| y 2 2 ly 6m 4. 1 98.1 
T. O. 6 | ly 5m | + 1 37.0 
| hee S | ty 30m | Le 2 24.1 
| Ss. T. 6 | 2y + 1 13.3 
Group C} mG. Q | 2y 5m _ | + 1 11.3 
| E. K. S | 29 Sm | + 1 14.8 
| H.F. @ | 13y 9m | + 1 23.6 
| §.S. | = ly 6m + 1 20.9 
} | | | inthis : 
| | Mean: 30.2 








opposedly, and that generally speaking, the former is the more powerful 
and tends to predominate. In our experiment, rats in group A showed 
typical dystrophic rickets, rats in Group B were affected by rickets almost the 
same ways as those in group A, but they showed no significance concerning 
the fecal fat content. But rats in Group D, were affected by rickets op- 
posedly and fecal fat content of the rat in group D was less than that in other 
groups. 

These findings are very interresting to us. In incomplete diet Group A, 
the diet is poor from the nutritional viewpoint ; rats on it did not get much 
nutrition, and they became victims to our “ dystrophic rickets” and showed 
distinct rachitic manifestation. Threonine-enforced group was just the same 
and made no significant differences compared with Group A. 

In lysin-enforced diet, though it was incomplete, the rats showed our 
** eutrophic rickets ’’ and less while rats in high protein group were affected by 
rickets opposedly and showed good calcium precipitation on the bone meta- 
physis though they did not gain in weight due to rather poor appetite. 

In Group C rats showed our “‘ dystrophic rickets’. ‘Though the carbohy- 
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TasB.e 66. Fecal Excretion of Celiac Disease Patient, Y.Y., 2 years 3 months old 





Fecal Excretion | 12/11, 1955 | 13/II, 1955 
Wet Weight gm/day | 102.8 gm 80.5 gm 
Dried Weight gm/day | 22.6 gm | 20.9 gm 
Total Fat gm/day | 14.0 gm 13.3 gm 
Fat, Dried Weight 2% 61.9 2% 63.72% 
Fecal Fat/Diet Fat | 0.617 | 0.746 


drate through its sparing action reduced the catabolism of body protein, low 
source of endogenous origin from incomplete diet made the calcium precipita- 
tion of the bone poor. 

As regard to the fecal content of feces in rat experiments, steatorrhea seems 
to have no primary but secondary significance. 

Fecal fat content in Group D was the least. 

It has been confirmed that fecal excretion on high casein diet is less than 
that on isocaloric high carbohydrate diet. 

Recently Magee et al.® also reported the effect of dietary protein on the 
fat content in feces. 

In human rickets, on ordinary mixed diet containing at least 20 gm of fat, 
the dried feces of a normal child daily contain 1.5 to 3 gm of fat, and values 
above 4 gm daily are definitely abnormal. 

The customary expression of fat excretion in terms of percentage of the 
dried weight of stool is sometimes unsatisfactory. By this method the dried 
feces of the normal children contain approximately 10 to 40 percent of fat, and 
those of celiac disease may contain 30 to 80 per cent. In human rickets it might 
be said that the fecal fat content tends to increase sometimes and generally 
show highfecal fat percentage if it is not definite eventually as the steatorrhea 
of celiac disease. 


CoNCLUSION 


1. Rickets in rats induced by high carbohydrate diet group was our 
“ dystrophic rickets.” 

2. Rickets in rats induced by lysin-enforced Steenbock modification diet 
was our “ eutrophic rickets ”’. 

3. Protein in high casein diet group decreased the fecal fat content com- 
pared with an isocaloric high carbohydrate diet and affected rats with rickets 
opposedly. 

4. Severe cases of human “ dystrophic rickets” tend to excrete high 
fecal fat content. 
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Vitamin B, and Pyruvic acid in Rachitic 
Children 


** No growth, no rickets’ has been an aphorism in the medical circle and 
the relation between rickets and nutrition has been a much discussed problem. 
In fact, there are not a few rachitic cases found among children of apparently 
quite capital nutrition, and on the other hand, the idea that dystrophic children 
are not prone to rickets has been accepted to some extent. The wide-scoped 
investigation extending over several years by this laboratory has revealed, 
however, that at least in Tohoku District there do exist many rachitic children 
suffering from severe dystrophy, so that Prof. Sano of this laboratory was led 
to propose the clinical classification of rachitic cases into those with and without 
dystrophy in complication. To follow up the correlation of rickets and dystrophy 
suggested by such facts, the author of this paper undertook to obtain some infor- 
mations on the nutrition of rickets cases from the angle of VB, metabolism, by 
measuring the total VB, and the pyruvic acid contents in their blood and the 
change of the latter following administration of glucose. The results obtained 
are summarized in the following. 


Experimental Subjects and Methods 


1) As the subjects of my experiments, I chose 23 cases of rickets, either 
severe or light, from the patients accommodated in the wards of the Pediatrics 
Clinic of Tohoku University and as controls, 23 dystrophic and 25 normal 
children in charge of certain nurseries in Sendai. 

2) For measuring blood VB,, the thiochrome method using Permutit was 
adopted. 5cc of blood was sampled per subject in early morning at the time 
of fasting for the purpose. 

3) For measuring the VB, content following VB, administration test, the 
urine excreted within 4 hrs. after breakfast or morning lactation and the same 
on the next morning, when I mg of VB, was given per os after the morning 
meal, were collected, for comparative measurement of the VB, content. 

4) For determining the blood content of pyruvic acid, Friedemann’s 
method (1943) was followed. There are many different hours for blood 
sampling proposed as best adapted for the purpose, but I made it the principle 
to sample 2 cc each of blood in the early morning before breakfast, as done 
for measuring the VB, content. 

5) 1.75 g/kg of glucose was given per os for the glucose administration 
test, and the blood pyruvic acid content was measured every hour for 3 hrs. 
following the administration. 


Yoshitaka Sugawara, M. D. (Department of Pediatrics, Tohoku University Medical School, 
Sendai, Japan. Director: Prof. Tamotsu Sano) 
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Experimental Results 


1. Total Blood VB, and Pyruvic acid Values in Rachitic Children 

The results of measurement with 15 severely and 5 mildly rachitic children 
as subjects were as listed in Tab. 68. It is seen that the total blood VB, value 
registered 5.61--0.64 y/dl and 6.01-+1.3 y/dl in the two groups respectively, 
or 5.734:0.87 y/dl on the average. These values are obviously lower from 
the mean value of normal children, 8.03-+0.77 y/dl (Tab. 67), and the difference 
is frankly significant. The difference from that of dystrophic children, 4.90+ 


TaBLe 67. Blood Level of Tas_e 658. Blood Level of Total Thiamine 
Total Thiamine in and Pyruvic Acid in Rachitic Children 


Normal Children 





Total VB, Py. A 








Total Rickets No. Age Sex y/dl mg/dl 
No. | Age |Sex;| thamine —————q——— 
7/dl l 0—10 2 S14 a 
2 O—11 Q 4.3 1.80 
1}; 06 | 3 10.8 3 I—5 ro) 2.3 — 
21 07 |.26 7.8 i I—5 3 — 2.65 
3 |. 0-7 ’.) 6.9 5 1—6 r 5.8 1.62 
4) 1-2 s 8.2 6 1—7 Q 5.2 1.30 
5| +6 | 2 2 7 iJ 3 — 1.40 
6| 2-11! 9 7.2 a 8 1—7 6 5.5 1.00 
7| 3416 7.6 Rickets 9 1—31 2 5.4 | = 
8| 3-8! 4 6.5 10 2—0 3 7.7 = 
9| 3-11) 8 6.4 1] 2—5 2 6.3 
10/4014 6.0 12 2—5 r.) 6.4 1.11 
a8 3 6.3 13 2—6 9 6.5 1.46 
i? | 47 3 8.4 14 2—7 Q 6.9 - 
13/ 50/9 8.9 15 2—10 S 6.3 13 
14/55] ¢6 9.8 16 2—7 i 6.3 —- 
15} 6-516 13.7 17 1s—7 co) 6.2 ~—_ 
1617-016 10.8 - —|—_—— |———_—_____ 
17 | 7-7 | 9 6.7 Average | 5.61+0.64 | 1.50+0.37 
18 8-0 | 6 6.5 Ss 
19} 9-0 | 8 7.5 1 0—9 eo | 3.6 a 
20 | 9-6 | Q 10.5 2 o—1} eS | 7.1 1.96 
21) 9-0 | 6 8.4 Light 3 1-1 6 | 6.2 1.10 
22 |10-0 | io Rickets I 1—10 2g 1 1.51 
23 |11-0 | @ 8.1 5 96 Q 6.3 1.45 
24 |12-9 | 6 7.6 e 6 O—7 $ 7.6 | — 
25: /13-0: | 9 | 5.8 ee tint See, fea 
Average | 6.01413 | 1.50+0.54 





Average | 8.03+0.77 aoe | aes 
Total average 5.73+0.87 | 1.50+0.26 


0.94 y/dl (Tab. 70), or between the severe and the mild cases was not significant 
in any case. On the other hand, the pyruvic acid content in blood (Tab. 
68), stood at 1.50+0.37 mg/dl in severely rachitic and at 1.50+0.54 mg/dl 
in mildly rachitic cases, or at 1.50-+0.26 mg/dl in total average of the rachitic 
subjects. The values are always higher with a significant difference from the 
mean value of 1.05--0.21 mg/dl of normal children, but the difference from 
that of dystrophic children, 1.50--0.058 mg/dl, was insignificant. 
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TaBLeE 69. Blood Level of Pyruvic Taste 70. Blood Level of Total Thiamine and 
Acid in Normal Children Pyruvic Acid in Dystrophic Children 
‘ Py. A Total a 
No. Age Sex mg/dl No. Age Sex thamine asia 
. oa 7/dl ”" 
|) 6 aon 0—11 8 3.1 
‘ - 2 1—1 1.28 
i ss 9 1.10 : 7 M ve 
2 3.6 2.20 
vite hte 3 0.70 : I3 3 1.51 
6 1—3 $ 4.3 
a oe ? 1.15 7 = 3 5.3 1.70 
e 8 1—4 2.4 - 
| = é a6 9 1—4 3 5.0 1.70 
‘ 10 1—4 2 7.9 1°13 
ma ‘ 2 1—7 $ 1.04 
y te 6 0.95 13 1—9 2 5.1 1.56 
14 1—9 s 1.46 
8 9—0 3 1.43 15 1—9 s 1.24 
nase 16 1—10 rs 6.4 1.30 
17 i—9 s 6.4 is 
Average 1.05+0.21 18 ey 3 3.6 1.72 
19 2—0 2 1.80 
20 2—1 $ 6.2 — 
21 2—4 Q - 1.24 
22 4—6 Q 5.9 * 
23 5—2 $ 4.7 - 


Average 4.9+0.94 1.50+0.058 


2. Results Following VB, Administration Tests in Rachitic Children 

In the experiments described in | above, I have found that, in rickets, 
the total blood VB, content is lower and the blood pyruvic acid content is 
higher than in normal children. Several of the rachitic subjects were then 
subjected to VB, administration tests, for the purpose of determining their 
tolerance of VB,. 

As practical methods of VB, tests, Melnick (1939) recommended adminis- 
tration of 5 mg and urine sampling for the following 24 hrs, Hills (1939) ad- 
ministration of 1 mg per os and urine sampling for the subsequent 3 hrs. and 
Williams (1940) subcutaneous injection of 1 mg and urine sampling for 3 hrs. 
After it, the Hills’ method being the currently universal method. In consider- 
ation, however, of the intervals of feeding in sucklings and the possibility of 
considerable inequality of urination within 3 hours by such small children used 
as my subjects, in whom the volition for urination is as yet not adequately de- 
veloped, I decided to collect the urine excreted in 4 hrs. while following the Hills’ 
method in other points. For sampling the urine, I used specially devised urinals, 
especially for the girls, to insure total collection of urine. The results were as 
summarized in Tab. 71. In comparison with the values in normal (Tab. 72) 
and VB, deficient subjects (Tab. 73), the rachitic cases showed values approaching 
those of the subjects with deficiency of VB,. Some of the individual cases in 
the rachitic group showed nearly normal values, and one case of mild rickets 
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Taste 71. Oral Administration Test of Thiamine in Rachitic Children 





Urinary excretion of thiamine 
Total in 4 hours (7) 


Degree Degree | Disturb. VB, in 


No.| Age Sex of of dy- | of liver 
rickets | strophy | function r/dl Before adm. 


l 2g oo 
2} 2—7 2 ++ +t 
3 | 13—7 2 He ++ 
4} 0—10] 9 os + 
5 —7 g =P — 
6 0—9 6 a 4 
7 1—1 r.) fe Le 
8| 0—7 6 oa _ 


Excret. of test | Excretion 


, dose of 1 mg ratio 
f VB . 
ee VB, % 
+ 2.3 18.6 340 | 15 
re 6.8 41.1 46.2 0.05 
} 6.2 19.3 48.2 2.9 
} 5.1 13.0 71.3 5.8 
6.5 24.8 136.2 11.1 
i 3.6 56.2 1856 | 13.0 
i 6.2 26.3 123.2 9.7 
“ogg 60.0 9.3 | 35 


Tas._e 72. Oral Administration Test of Thiamine in Normal Children 





Total VB, 


No. Age Sex in blood 

7/dl 

1 0—7 $ 6.9 

2 1—2 $ 8.2 
3 8 $ 6.5 

4 12 r.) 7.6 

5 13 2 5.8 
Average 7.0 


TasieE 73. Oral Administration 


Urinary excretion of thiamine in 4 hours (7) 


Excret. of test Excretion 


Before adm. . 
é dose of lmg | ratio 

of VB, VB, % 
45.5 119.2 7.4 
57.0 208.8 15.2 
24.0 82.7 5.8 
20:0 112.0 9.2 
25.0 125.0 10.0 
34.3 129.5 9.5 


Test of Thiamine in Thiamine Deficient Children 





No. | Age | Sex | Clinical diagnosis 


Infantile beriberi 


1 | 0-4; @ 

2 | 1-2 r.) Dystrophy 

3 |46; 9 Dystrophy 

4 | 5—2 ‘.) Lung tbc. 

5 10 2 Lues cong. tarda 


Average 


Urinary excretion of thiamine in 

; 4 hours 
Total VB, (7) 
in blood 


7/dl ~~ Excret. of test | Excretion 


ae dose of 1 mg ratio 
of VB, VB, o% 
1.0 15.4 16.6 0.01 
3.6 5.8 51.8 | 4.6 
5.9 26.0 36.8 mam 
4.7 13.5 55.9 | 
4.8 37.8 76.0 | 38 
4.0 19.7 474 | 2.74 


in particular showed heightened excretion of VB, in urine, in spite of his lowered 


VB, content in blood. 


3. Change in Pyruvic Acid Content in Blood in Rachitic Children Fol- 
lowing Administration of Glucose 


In my experiment described 


in | above, the pyruvic acid content of blood 


in rachitic children was found to be increased above normal. In the next 
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Tasie 74. Change of Blood pyruvic Acid Content After Oral Administration 
of Dextrose (1.75 g/kg) in Rachitic Children 








Degree | Degree | Disturb. | Total VB, Py- A. in blood mg/dl 
of of of liver | in blood 
| Rickets | Dystrophy| function y/dl Before} 1hr. | 2 hrs. | 3 hrs. 


| 0O—11| Q ora _ _ 4.3 1.80 | 2.13 | 2.25 | 3.38 
2 2-6 | Q a + 6.5 1.46 | 2.44 | 1.06 1.20 
3 | 1-6 | @]}] + 4- - 5.8 1.62 | 1.89} 1.98 | 1.54 
4 |, 1-7 2 | + ck = 5.2 1.30 | 1.30] 1.60; 1.48 
5 | O@ll1} 6 | + a - 7.1 ISG | 245 | 272 | 1395 


series of experiments, a part of the rachi- 
tic subjects were tested for their glucose 
tolerance and the change in their pyruvic 
acid content was followed up. (Tab. 74 
and Fig. 75). 

As compared with the values in normal 
children shown in Tab. 75, I found a per- 
ceptible increase of the values in them 
over the normal, and a prolongation of 
the time required for the recovery of the 
normal level. The case No.1 showed a 
considerably heightened value even 3 hrs. 





after the test, suggesting an anomaly in 
sugar metabolism. In comparison with 
the values following similar tests in dy- 
strophic children (Tab. 75), however, 
there was apparently little difference. 

4. Change in Total Blood VB, Con- 
tent in Rachitic Children in the Course 
of Treatment 

By means of the experiments described 
in 1, 2 and 3 above, it has been dem- 
onstrated that many of the rachitic cases 


Fig. 75. Change of blood pyruvic acid jn, Tohoku District, especially the severe- 
content after oral administration of 1.75 


1 1 


Before 7 2 3 Ars. 





ly rachitic cases, are in the state of 


g/kg dextrose. y H 
[kg es VB, deficiency, and the next round of 


Tas_e 75. Change of Blood Pyruvic Acid Content After Oral Administration 
of Dextrose (1.75 g/kg) in Normal and Dystrophic Children 








'Total VB,| Py- A. in blood mg/dl 
No. | Age Sex | in blood Clinical diagnosis 
7/dl Before | 1 hr. | 2 hrs. | 3 hrs. 


— | 1.10} 1.23} 1.15 | 1.10} normal 


6 2 | 

7 8 e | —_ 0.76 | 1.00, 1.20 | 1.06 | normal 

8 9 Q 6.9 | 0.80 | 2.16 | 1.58 | 1.49 | Pringle’s Disease-+ Dystrophy 
9 1—2 6 | 3.6 | 2.20} 2.32 | 2.26 | 1.86 | Dystrophy 
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Tasie 76. Relation of the Blood Thiamine Content to the Progress of Rickets 
(Treated Group) 





Before treatment After treatment 
| 
No. | Age | Sex | Total VB,| Degree | Total VB,| Degree | Kind of treatment 
| in blood of in blood of | 
7/dl rickets 7/dl rickets 
1/0-9 | 6 3.6 + 6.2 — | Natural healing 
2\g—11| 6 7.1 . (ie: -- high protein 
3/16 | ¢ 5.8 +H 6.0 £ high protein 
411-7 | @ 5.2 th 7.0 + high protein 
5|}1—10} Q $2 + 7.5 te Citric acid and Parotin+ 
6/2—5 | @ 6.4 +h 72 = Citric acid and Parotin+ 
7/20] 6 7.7 5.5 + | Citric acid and Parotin+ 
8 |1—7 | 6 - ++ 8.3 - VD, (oral adm.) 
9\1-5 | ¢ + 8.4 + VD, (intramusc. inj.) 
10 |1—7 | 6 . Hh 77 ; VD, (intramusc. inj.) 
11;1—5 | Q ft 8.6 VD, (oral adm.) 
12 |0—11} 2 4.3 Ht 7.6 } VD, (intramusc. inj.)+Citric acid 
12|}1—0 | 6 — ae 9.5 VD, conmnsrones inj.) 
Average 5.5+ 1.16 7.5+0.68 


+: Extract of parotid glands (product of “Teikoku” Pharmaceutical Co.) 


TasLe 77. (Not Treated Group) 





First examination Second examination 
| Interval of 


No. Age Sex Total VB, Degree of | Total VB, | eae of | examination 
y/dl rickets 7/dl rickets 
1 | 0-10 9 5.1 Ht 6.3 # | 4w 
2 4—7 2. 6.5 ++ Be + | 4w 
3 3—2 g Ht 7.7 tt | 7w 
+ 2—3 9 re 8.2 ++ | 4w 
5 1—5 $ 23 ia 8.7 ++ 2w 
Average 4.6 7.2 


TasL_e 78. Change of Blood Pyruvic Acid Content Under Citric Acid Group 





Degree VB, & Oral administration of 10 22 citric acid 

No. Age Sex ,of Py. A. “i ~ 
rickets in blood Before | after 1 w | after 2w ah after 3. w 

sy 
5 VB 6.4 ‘74 dun 
(ise. 1 8 4 Py. A. Ll 2.10 | 1.50 
VB 6.25 — — 

+; +8 8 itt Py. A. 1.13 1.04 io | 

VB 5.25 — 7.2 ys 

|; ele + Py. A. 151 1.40 185 | 1.34 


experiments was conducted with the aim of following up how the total blood 
VB, changes with the progress of medical treatment. The results showed that 
the value increased from 5.70-++1.16 y/dl on the average before the treatment 
was begun to 7,50-+-0.68 y/dl after the successful termination of the therapy. 
I need not point out that the experimental subjects were not administered VB; 
as medicament throughout the experiments. 
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As shown in Tab. 77, however, even in the cases where little improvement 
in the X-ray pictures of the bones was yet observable, that is, the treatment 
showed as yet little sign of success, upon the laspe of a certain number of days 
of hospitalization, the VB, content was seen to rise from the original mean of 

4.6 y/dl to 7.2 y/dl, quite as in 
V.B; Py.A! the preceding. This seems to 
Mr ™% suggest that the total blood VB, 
content is rather strongly affect- 
ed by the change to the better 
of the nutrition effected after 
the hospitalization. 
In the next place, the change 
in the blood pyruvic acid con- 


7 2.0 





tent in some of the rachitic 
children in the course of treat- 
ment with citric acid was in- 
vestigated, and it was found 








0 0.5|10% Citric acid peros | 





Befor 7W. 2w. 3W. that during the treatment, the 
Py A. content showed always increas- 
ee v. : <— e 
aa ed values (Tab. 78 and Fig. 
Fig. 76. Py.A. in blood under citric acid therapy. 76) 


Discussion 


About the relation between rickets and VB,, Schmitt (1926) has reported 
that administration of VB plus.VC is of good effect in curing rickets, but there 
have been few reports directly concerned with the metabolism of VB, in rickets, 
except the cursory statement touching on the subject in the report by Kondo 
(1948), who asserts that the total VB, content in blood is subnormal in rachitic 
children, but gives no values in concreto. 

The author of this paper has conducted the experiments described in the 
above and has ascertained that the total blood VB, content is lower and the 
blood pyruvic acid content is higher in rachitic than in normal children. Be- 
sides, the results of VB, administration tests showed that not a few of the severely 
rachitic cases showed a lowered excretion of VB, in urine. It is a difficult 
problem to decide the upper limit of VB, excretion, below which VB, deficiency 
should be assumed, but according to my experimental results, the excretion of 
VB, in urine within 4 hrs. following administration tests in normal children 
amounted to 129.5 in average, a value in approximate agreement with those 
reported concerning Japanese children. The value of 65 y for normal adults 
reported by Hills (1939) (in 3 hours’ urination) is not applicable to children. 
Considering the results of my experiments with some children apparently 
deficient in VB,, cases with excretion of less than 50 y of VB, in urine within 
4 hrs. should be suspected of deficiency in VB, as Kawasaki (1940) has 
pointed out. This shows that there are many severely rachitic cases in 
Tohoku District with low saturation of VB,, but I found a case among the mildly 
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rachitic children who excreted a comparatively large quantity of VB, in its urine, 
despite its low total blood VB, value. It is a problem waiting future scrutiny 
whether such a seemingly anomalous finding should be attributed to lowered 
utilization of VB, of the patient. 

The increase of pyruvic acid in blood is now utilized as an auxiliary means 
to diagnose deficiency of VB, under various methods, though some researchers 

and practitioners are against it. 

As one of such methods, I tried to follow up the change of the blood pyru- 
vic acid content after administration of glucose and found that the content 
rose beyond the normal and the time required for the value to fall to the normal 
level was delayed in rachitic children. Such an increase of blood pyruvic acid 
is not specific to cases of VB, deficiency, and recently Tulpul (1954) has reported 
that the cartilages of rachitic white rats are lowered in their activity in oxidizing 
pyruvic acid below that of the cartilages of the normal controls, but the 
results I have obtained in my experiments with rachitic children showed that 
the increase of pyruvic acid values in rachitic children could not be essentially 
different in nature from that in dystrophic children, so that we may conclude 
that the said increase is after all a symptom of VB, deficiency. 

Now, it is of interest how such an anomaly in the VB, metabolism in rachitic 
children is changed abreast with an improvement in the rachitic findings. My 
observations concerning this point have shown that the total blood VB, value 
tends to normalize with the progress of therapy. 

But even when the subject was not yet medically treated for rickets or the 
treatment had not yet succeeded in improving the bone roentgenograms of the 


patient, it was found in many cases that the mere lapse of a certain number of 


days after hospitalization brought about an increase in the total blood VB, 
value. This seems to indicate that the value is closely affected by the improve- 
ment of nutrition due to adequate diet and better living environments in the 
hospital and on the other hand, to suggest the fearfully inadequate alimentary 
conditions of rachitic children in this District. 

According to Raiha (1952), it is said that VD expedites phosphation of 
VB,, but I found no stoichiologically significant difference in the VB, value 
in my comparative study of the various treating methods. Finally, there have 
been many hypotheses on the mechanism of the efficacy of citric acid upon 
rickets, among which one postulating its correlation with the citric acid cycle 
as a source of the ossifying energy. I have measured the change in the pyru- 
vic acid value during treatment with citric acid in a few rachitic children and 
found that the value always increased. The reason of such an increase is not 
yet clear, but I feel it is rational to take care to avoid deficiency of VB, in 
citric acid therapy, by simultaneous administration of adequate dosis of the 


vitamin. 


CONCLUSION 


My investigation of VB, metabolism in rachitic children in Tohoku District 
resulted as summarized in the following: 
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1. The total blood VB, content averaged 5.61++0.87 y/dl in severely 
rachitic, 6.01 0.64 y/dl in mildly rachitic and 5.730.87 y/dl in all the rachitic 
children examined. All these values showed significant difference from the 
mean value of 8.030.77 y/dl of normal children, but the difference from the 
mean value of 4.90+0.94y/dl of dystrophic children was not significant. 
The difference in the values between severely and mildly rachitic children 
was not significant either. 

2. The blood pyruvic acid values stood at 1.50-++-0.17 mg/dl in severely 
rachitic cases, at 1.50-+0.54 mg/dl in mildly rachitic cases and in total average 
of the rachitic children, at 1.50-++0.26 mg/dl, showing a significantly higher 
level than the average for normal children, 1.05--0.21 mg/dl, but only an in- 
significant difference from the value of dystrophic cildren in the mean, standing 
at 1.50+0.058 mg/dl. 

3. The changes of the blood pyruvic acid values observed upon VB, 
administration and glucose administration tests endorsed the above lowering of 
VB, content in rachitic children. 

4. The lowered total blood VB, content in rachitic children showed signs 
of recovery abreast with the alleviation of the disease. 

5. An increase of blood pyruvic acid was observed also during treatment 
of rickets with citric acid. 
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Vitamin B, Metabolism in Children 


I. The Vitamin B, Content in Blood of Normal and Rachitic Children 
and Vitamin B, Tolerance Test on Rachitic Children 


INTRODUCTION 


In 1919, Mitchell pointed out the the water-soluble vitamin contained a 
substance with growth-promoting action, and Goldberger (1926) named the 
substance stable against heat vitamin B,. Later, yellow enzyme was isolated 
from beer yeast and was revealed to be .a protein compound of riboflavin- 
phosphate ester, and the discovery gave a clue to elucidate the biological action 
of vitamin B,. 

Vatamin B, (abbreviated VB, hereunder) manifests its function as yellow 
enzyme in the vital body. This flavoprotein enzyme is indispensable to the 
metabolism of amino-acids, fat and sugar. This enzyme is said to decrease 
in the case of VB, deficiency. Opinions are as yet divided as to the tropho- 
logical necessity of VB, in man, but Sebrell, Kruse, Youman, Nakagawa and 
others recognize the possibility of pathological deficiency of VB, in man. 

It is a very interesting question how this vitamin with important physio- 
Jogical action goes through metabolism, not only in cases of VB, deficeincy, 
but also in the case of other diseases. Many cases of rickets in Tohoku District 
are often complicated with dystrophy. So we may infer that such rachitic 
cases arise from deficiency not only in vitamin D but also in other vitamins. 
I have not yet heard of any study on the metabolism in rachitic cases, either 
in Japan or in other countries of the world. In consideration of the lack of 
information on the subject, the author of this paper will report on the results 
of his studies on the total VB, content in the blood of normal and rachitic children 
and their reaction to VB, tolerance tests. 


Total VB, Content in Blood of Normal Children 
1. Experimental Subjects and Method 


31 children healthy, both in physical constitution and nutrition, were 
selected as subjects from among the children that visited our Clinic or were 
inmates of Komatsushima Nursery in Sendai within the period of from May 
1953 to March 1954, and 7 physicians and nurses were co-operated as adult 
subjects. Among them, the sucklings were all fed with cow-milk and the others 
were unrestricted in their diet. To avoid influences of food as far as possible, 
blood sampling was performed only at the time of empty stomach before meals. 
About 3 cc of blood was drawn with a dry sterilized syringe from the cubital 

Atsushi Kon, M. D. Department of Pediatrics, Tohoku University Medical School, Sendai, 
Japan. (Derectore Prof. Tamotsu Sano) 
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or the cervical vein, care was taken to prevent exposure to light, and 2 cc of 
the sample was immediately used for measurement of VB, content. The 
lumiflavin method of Fujita was adopted in the measurement. 


2. Experimental Results 


The infants were divided into two groups by their age, namely, those under 
2 years and those from 2 to 6 years. 

1) Total VB, content in normal children by age groups. 

The total blood VB, content, as in Table 79, is the highest in suckling, 
reaching 11.55y%, and gradually falling with age to 9.10y % in early and to 
7.837% in later infancy, to 7.177% in primary school children and finally to 
6.247°%, in adults, and statistically difference by age was observed. There was 
no significant difference statistically by sex. 


Tasie 80. Total Blood VB, Content by 
Age in Rachitic Children (7°%) 


TasBLe 79. Total Blood VB, Content 
by Age in Normal Children (7°) 





Age No. Age No. 





° Max. | Min. Average ec a | Max. | Min. Average 
in years cases in years cases | | 

—_ | | ——__—_—————_— 
O~1 4 | 122) 10.2 | 11.55+1.43 O~ 1 7 | 12.2) 84 | 10.2541.31 
I~ 2 4 | 108, 78| 9.10+2.13 I~ 2) 13 | 10.0! 62 | 8.2141.12 
2~ 6 6 94, 7.0} 7.834052 2~6| 13 9.6 24 | 6.98+1.09 
6~14 13 94/ 6.0) 7.174013 6~14 3 6.4) 3.1 | 5.174£1.87 
14~30 7 7.2) 48) 6.24+0.73 


3. Discussion and Summary 


The total blood VB, content in normal adults by lumiflavin method is, 
according to Fujita’s reports, 5.9—-7.ly% (average 6.57%), to Abe’s 4.7-8.77% 
(average 6.157%), to Omori’s 4.7-8.97% (average 6.3y%), and Nakagawa 
and Takada reported the same in normal school children. 

The content of VB, in blood stood at 6.4—7.9y%, 
(average 7.27%). é, 


and at 4.7-13.67% 


TaBLe 81. Total Blood VB, Content by 
Age in Dystrophic Children (7°, 





Age No. 


. Max. Min. 
in years| cases 


Average 


0~1 4 12.0, 7.8 | 10.45+1.76 
1~2 3 8.2) 7.0 7.5341.25 
2~6 S 8.0 6.4 7.134 1.83 


Tas_e 82. Change of Total Blood VB, 
Content in Normal Children Following 
Administration of 3 mg of VB, (7%) 





Z | 
= |} © E | 5 iS g/o g 5 o 
| 4 | ~~ ~ i= loo Pog ie ic 
Zh 48|) & A848 ealee 
K.T.|F | 1—6/| 82 | 182 144 12.4) 11.2 
MS. F | 3-3 84 |195,139 108 9.5 
YS. |M|7—5| 7.0 |344 9.6 7.4 7.0 


Average 


7.8 | 23.7 12.6 10.2) 9.2 
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According to Kagaya’s report, the total blood VB, content in children in 
total average is 9.8~%. Nomura reported that the total VB, content by age 
in normal children, in sucklings stood at 6.61y%, in infancy at 7.137%, in school 
children at 7.53%, and showed no significant difference by age statistically. 
According to my results the content of VB, is higher in younger age, and the 
higher content of VB, which is believed to be related with growth, in children 
of younger age seems to be significant. The particularly high content in blood 
of sucklings may also be due in part to the high content of VB, in milk with which 
they were fed. The infants under 2 years of age were given about 360 cc of 
cow milk per day besides their normal meals. 


Total VB, Content in Blood in Rachitic Cases 
1. Experimental Subjects and Method 


The subjects were 34 suffered from rachitic children severely accommodated 
in the wards of our Clinic within the period from May 1953 to March 1954. 
The clinical symptoms and the results of examinations of these children were 
the same as reported in the prearranged report entitled ‘‘ On Rickets in Tohoku 
District ” read by Prof. T. Sano at the 57th. General Meeting of the Japanese 
Pediatrics Society in May 1954. As dystrophic subjects, we chose under nour- 
ished children with body weight less than 807% of the standard body weight 
of Japanese children compiled by Saito and Shimizu, from among the inmates 
of Nagamachi Nursery, Sendai, and highly dystrophic children who visited our 
Clinic during the same period. The processes adopted in blood sampling and 
measurements were not different from those described in the preceeding chapter. 


2. Experimental Results 


1) Total blood VB, content by age in rachitic children 

In rachitic children too, as in Table 80 the blood VB, content showed the 
highest value in sucklings, standing at 10.25y%, and tending to fall gradually 
with age, to 8.2ly% in early infancy, to 6.98y% in later infancy and to 5.137% 
in school children. Many cases showed individually lower values than those 
in normal children. For instance, in infants there were 6 cases (25y°%), whose 
value of Blood VB, content was under 67%, which is perhaps the lowest value 
in the normal range, but in mean values, the difference was not statistically 
significant, except in children of primary school age. With respect to VB, 
content, there was no significant difference between eutrophic and dystrophic 
rachitic children. 

2) Total blood VB, content by age in dystrophic children 

In sucklings, as schown in Table 81, the mean blood VB, content was found 
to stand at 10.53y%, in infants under 2 years at 7.537%, and in infants over 
2 years at 7.137%. There was no significant difference between normal and 
dystrophic either. 


3. Discussion and Summary 


Among sucklings of rachitic and dystrophic cases, we found no case with 
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markedly low blood VB, content, perhaps due to the fact that VB, may be sup- 
plied rather in abundance through cow milk with which they were fed. It is 
noteworthy that there were cases among infants and primary school rachitic 
children who showed extremely low values such as 2.4¥% and 3.1ly%. Con- 
sidering the results obtained by Eguchi, Nakagawa and Kagaya suggesting a 
parallelism between a large decrease of the VB, in blood and VB, deficiency, 
we may infer that there are many among the rachitic cases who suffer from de- 
ficiency not only in vitamin D but also in VB,. 

The tested dystrophic children were taking at least about 360 cc of cow 
milk per day, and it was perhaps because of it that there was not one among 
them with extremely low blood VB, content. That is to say, dystrophy is not 
ncecessarily accompanied by lowered VB, content in blood. 


VB, Tolerance test on Rachitic Children 
1. Experimental Subjects and Method 


The same subjects as used in the experiments in III were used again. 0.6 cc 
(3 mg) of VB, solution containing 5 mg of VB, per 1 cc was administered by 
subcutaneous injection into the upper arm on the extensor side and the injecting 
spot was well rubbed for one minute. Blood was sampled before the injection, 
and 30 minutes, 60 minutes and 2 and 3 hours after the injection. The pro- 
cesses adopted in blood sampling and measurements were not different from 
those described in the preceding chapter. 

2. Experimental Results 

1) Change in total blood VB, content in normal children following the 
administration of 3 mg of VB, 

In normal children, the blood VB, content rose to the highest value of 
23.77% in 30 minutes after the administration from the mean value of 7.8y°, 
before the injection, lowering thence to regain the original value before the 
administration in 3 hours in most cases. ‘The mean value in 60 minutes was 
12.67%, in 2 hours 10.27%, and in 3 hours 9.27%. (cf. Table 82). 

2) Change in total blood VB, content in rachitic children following the 
administration of 3 mg,of VB. 

When a curve is traced of the temporary fluctuation of total VB, in blood, 
it usually falls under one of the 3 types as follows: Thus, the following results 
were obtained, by adjusting small differences of similar types. 

Type I among rachitic cases (as in Table 83) showed the same curve, with 
the maximum value in 30 minutes, as in normal children, but the value in 3 
hours was still higher than the original value. 

The mean value before the administration was 7.27% in 30 minutes after 
the injection, 18.ly% in 60 minutes, 13.67% in 2 hours 12.27%, and in 3 
hours 9.5%. 

Type II showed the highest value in 60 minutes, thence lowering to regain 
the original value (cf. Table 84). The mean value before the administration 


was 5.7%, in 30 minutes after the administration 10.27%, in 60 minutes 15.27% 
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Tas.E 83. Change of Total Blood VB, Taste 84. Change of Total Blood VB, 
Content in Rachitic Children Following Content in Rachitic Children Following 
Administration of 3 mg of VB, (7%) Administration of 3 mg of VB, (7°) 
(Type I) Type II) 
: fe\f)e¢ pag. : o8/8| ed lbaly iis 
= v1 Cae la |] & R=) 2 oles = * Ca om = 2 le Sls 3 
2 \/h\/28|8 | <8 Siena Z ib ¢5/8/ 28 e8eaee 
T.O. | F | 1—7 | 69| 18.0 | 13.0) 11.7) 9.3 H.S F | 2—6 | 5.5} 10.8 | 16.8) 9.6; 7.2 
Y.K. | M| 2—5 | 7.5| 18.2 | 14.2) 13.7) 9.6 Y.Y. | F | 9—0/ 6.0} 9.6 | 13.6) 9.4; 9.0 
Aveaage 7.2) 18.1 | 13.6) 12.2) 95 Average 5.7| 10.2 | 15.2) 9.5) 8.1 
Taste 85. Change of Total Blood VB, 
Content in Rachitic Children Following 
Administration of 3 mg of VB, (7°) 
(Type IIT) in 2 hours 9.5y% and in 3 hours 
8.19 
+ = © oO. or 
S hie | ee esk..|e Tene wil Beis a 
E , Py: = Zé oe digs , Type III showed little change 
= |e ee |S Se See in the content following VB, admini- 
S.S. | F | 1—10 7.2] 10.8 | 10.3) 9.4 8.4 stration (Table 85, Fig. 77). The 
MS. | F | 3— 2! 6.7| 10.8 11.5) 9.1] 7.7 mean value before the administration 


was 6.47%, in 30 minutes after it 
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3. Discussion and Summary 


Since Axelrod reported VB, tolerance test, it has been tried in diagnosing 
VB, deficiency and in inferring VB, metabolism. Strong obtained the results 
that in VB, deficiency VB, excretion after the administration decreased, the 
excretion being delayed, as compared with normal cases. According to Fuji- 
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wara’s reports, in VB, deficiency the VB, content in the blood after adminis- 
tration of VB, tends to rise slightly, and more frequently shows a higher value 
in 60 minutes after the administration than that in 30 minutes. According to 
my results, type I among rachitic cases is seen in children with relatively high 
original VB, content in the blood, while Types II and III are found more 
frequently among cases with rather low original VB, content. At any rate, 
the VB, content of blood after administration of VB, in rachitic children is lower 
than that in normal children, and on the whole, my results agrees with the 
result obtained by Fujiwara. 

Prof. Sano pointed out in his prearranged report that there are many 
dystrophic cases among the rachitic children in Tohoku District. According 
to my result, there are many among the rachitic cases who suffer from deficiency 
in VB,. It is due to the fact that unfavorable environments prone to cause 
rickets are also apt to cause deterioration of diets. 

Nishio obtained the result that oral administration of VB, for a year caused 
a significant fall in the percentage of contraction of cold in school children in 
Kyoto. 

It is well known that rachitic children are weak in resisting infection, and 
some factors are widely accepted as the cause. The author believes that the 
latent VB, deficiency in rachitic children is one of the factors. 


SUMMARY AND CONCLUSION 


1. The total VB, content in the blood of 38 normal children, of 36 rachitic 
and of 10 dystrophic was measured by the lumiflavin method of Fujita. 

2. The total VB, content in the blood of normal children tend to be 
higher at low age, that is, it stands at 11.55y% in sucklings (4—8 months), at 
9.107% in infants under 2 years, at 7.837% in infants over 2 years, and at 
7.837% in primary school children, while it is only 6.247% in adults. No 
significant difference by sex was observed. 

3. The same content in rachitic children also tends to show lower values 
at higher age, standing at 10.25%, in sucklings, at 8.21y%in infants under 2 
years, at 6.97%, in infants over 2 years and at 5.17% in school children. The 
values are somewhat lower than those in normal children, but the difference 
is not significant except in the case of school children. 

4. The same content in dystrophic children stood at 10.457% in sucklings, 
at 7.537% in infants under 2 years and at 7.13y% in infants over 2 years. No 
significant difference between in normal and dystrophic children was observed. 

5. The VB, content in the blood after the administration of VB, in rachitic 
children is lower than that in normal children. Upon a test administration of 
VB,, the author obtained the results suggestive of exsistence of a considerable 
number of latent VB, deficiency cases among rachitic patients. This is pre- 
sumably due to inadequate nutrition in unfavorable environments which will 
lead to the occurrence of rickets. 
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Il, The Vitamin B, Content in Blood and Organ of Experimental 
Rachitic Rabbits and Those with Hypervitaminosis D, 


INTRODUCTION 


In Part I, the author reported the results of his investigations on the total 
VB, content in blood and on the VB, tolerance test on the rachitic children in 
Tohoku District, and he propounded his assumption that the lowering of blood 
VB, content, which is seen frequently in rachitic cases, was a secondary anomaly 
due to defective nutrition. The author will report the results of measurement 
of blood VB, content in experimental rachitic rabbits and of VB, content in 
organs of experimental rachitic rabbits as well as of experimental rachitic rabbits 
with hypervitaminosis D,. 


(I) VB, content in blood and organs of experimental 
rachitic rabbits 
Experimental animals and method 


Young rabbits about 500 g in body weight each were fed with rachitic 
feed prescribed by the Pediatric Laboratory of Tohoku University (in which 
Ca:P=4:1~7:1) in a dark room, and were made severely rachitic in 3~5 
weeks. The feed for the control rabbits contained raw bean-curd refuse, carrots 
and potatoes in the ratio of 25:1.:1, and 0.3 g of yeast, 20 mg of vitamin C and 
250 units of vitamin D, were added thereto, but no calcium lactate was added, 
as was done in the rachitogenic diet. Their roent-genograms were examined 
every week for the rachitic changes in their epyphyses. Upon ascertaining that 
the subjects were severely rachitic, blood was sampled from them in the 5th 
week by heart puncture and used for measuring the VB, content in it. Then, 
the subject was anesthetized with ether, the heart was laid bare, a canula was 
imediately inserted through the left ventriculum into aorta, a hole was made 
in the right atrium, the entire body was perfused with 2.000~3.000 cc of physi- 
logical saline warmed to body temperature to drive out all blood from the 
splanchnic organs, and 0.3~1.0g of fresh bloodless tissue each was sampled 
for measurement of its VB, content. The Fujita-Matsuura’s method was followed 
in determining the quantity of free VB, and esterified riboflavin (abbreviated 
to ester type VB, hereunder). 


EXPERIMENTAL RESULTS 


1) Total VB, content in blood in experimental rachitic rabbits 

The total blood VB, content stood at 16.66y°%, in normal rabbits while it 
was somewhat lower (15.34y%) in rachitic rabbits, but the difference is not 
statistically significant (Table 86). 

2) Total VB, content in splanchinic organs in experimental rachitic rabbits 
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The total VB, content of the liver registered 34.20 y/g in the control and 
32.61 y/g in the rachitic rabbits, of the kidney 25.37 y/g and 23.20 y/g, while 
in the heart, the values were 15.32 y/g and 15.38 y/g, in the spleen 3.78 y/g and 
3.87 y/g respectively, showing no significant difference (Table 87). 

3) Ester type VB, in the liver and the kidney in experimental rachitic 
rabbits 

VB, of ester type occupied 97.6% in the liver of the total content in control, 
98.3% in rachitic rabbits, and 93.8% in the kidney in the former, 94.6% in the 
latter (Table 88). No difference was perceptible between the controls and the 
rachitic subjects in this respect either. 


Tas.e 86. Total Blood VB, Content in Experimental Rachitic Rabbits (7% 














No. cases | Max. Min. Average 
Control 3 | 17.6 16.0 16.66-42.88 
Rickets 3 15.8 15.0 15.33-£1.03 


Taste 87. Total VB, Content in Splanchnic Organs in Experimental 
Rachitic Rabbits (7/g) 


























| Control | Rickets 
Organs No. cases | Max. | Min. | Mean | No. cases | Max. Min. | Mean 
Liver | 4 37.2 | 30.3 | 3420| 3 25.2 | 302 | 37.61 
Kidney 4 305 | 212 | 2537| 3 25.7 | 20.3 | 23.20 
Heart 4 18.5 | 13.2 | 15.32 | 3 17.2 | 13.7 | 15.38 
Spleen 4 40 | 34 | 375| 3 41 | 36 | 3.87 

i 
Taste 88. Ester type VB, Content in Liver and Spleen in Experimental 
Rachitic Rabbits (y/g) 

| Control | Rickets 
| No. | Total | Ester type | ce | No. Total | Estertype| ,, 
Organs | cases / VB, | VB, | ™ | cases | VB, VB, % 
Liver | 4 | 342 | 332 | 976 | 3 32.6 31.7 | 98.3 
Kidney | 4 | 254 | 224 | 938 | 3 23.2 21.9 94.6 





DiscussioN AND SUMMARY 
On VB, content in splanchnic organs in animals, Scheid, Bessey, Yagi, 
Yoshida and others have reported, and little difference seems to be observed 
in animals. In general the value in the liver is 30—40y/g, in the kidney 
20—30 y/g, in the heart 10—18y/g, and in the other organs about 5 y/g. 
They say VB, of ester type in these organs occupy 90—100% of the total content. 
According to my results, VB, content of blood and splanchnic organs was 
nearly equal in normal and rachitic rabbits, so we may infer that there is on 
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essential relation between rickets and VB, deficiency either. 


(II) VB, content in organs of experimental rachitic 
rabbits with hypervitaminosis D, 


EXPERIMENTAL ANIMALS AND METHOD 


Low phosphate rickets were induced in rabbits with the method described 
in Part II above and Vitamin D, (abbriviated to VD hereunder) treatment 
was applied in the 5th week, by 4 injections of 10,000 units each of VD per 
Kg body weight at 5 days’ intervals, or about 40,000 units in total intramuscular- 
ly. In the 3rd~4th weeks, upon verifying the improvement of the symptoms 
of the bones by means of roentgenograms, tissue materials were sampled in 
the same manner as in the preceding one and the VB, content in them was 
measured. Pathohistologically, I could ascertain the presence of hypervitamino- 
sis D,, through such symptoms as conspicuous heterotopic calcium precipitation 
especially in tubuli renales, osteoporosis and lime precipitation on the epiphyseal 
cartilages. 


EXPERIMENTAL RESULTS 


1) Total VB, content in some organs of rachitic rabbits with hyper- 
vitaminosis D, 

In comparison with the total VB, contents of 25.3 y/g in the kidney of the 
controls, that in the subjects administered with an overdoses of VD, 15.6 y/g, 
is markedly low, showing an obviously significant difference. The total VB, 
content in the liver registered 34.20 y/g in the control and 31.65 y/g in the 
rabbits with hypervitaminosis D, of the heart 15.32 y/g and 16.44 /g, and of 
the spleen 3.78 y/g and 3.78 y/g respectively, showing no significant difference. 
(Table 89) 


Taste 89. Total VB, Content in Splanchnic Organs of Rachitic Rabbits 
with Hypervitaminosis D, (7/g) 





a | Control Hypervitaminosis D 
a endanger leaeen coin ase loader a 
Organs | No. cases | Max. | Min. | Mean | No. cases | Max. Min. | Mean 
Liver | 4 | 372 | 303 | 64.20 | 6 | 36.7 | 27.7 | 31.65 
Kidney | 4 | 30.5 | 21.2 | 25.37 | 6 | 18.3 | 12.7 | 15.63 
Heart Pe | 18.5 | 13.2 | 15.32 | 6 | 18.1 | 13.3 | 16.44 
Spleen | 4 | 40 | 34! 378 | a | 34 | 3.78 


2) Ester type VB, in the liver and the kidney in experimental rachitic 
rabbits with hypervitaminosis D 

VB, of ester type occupied 97.6% in the liver of the total content in control, 
95.8% in hypervitaminotic subjects, and 93.8% in the kidney in the former, 
88.4% in the latter, but the difference is not large enough to be statistically 
significant. (Table 90) 
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Tasie 90. Ester type VB, Content in Liver and Spleen of Rachitic 
Rickets with Hypervitaminosis D, (7/g) 





Control Hypervitaminosis D, 
= | pT Serer a 
No. Total | Ester type re No. Total | Ester type; 4, 
Organs cases VB, | VBe at cases | VB, va, | ” 
Liver 4 34.2 33.2 97.6 6 318 | 30.4 95.8 
Kidney 4 25.3 22.4 93.8 6 156 | 137 | 884 


DiscussION AND SUMMARY 


As the organ most sensitive to a superabundance of VD may be pointed 
out the kidney, and it is of interest that a conspicuous decrease of VB, content 
is preferably observable in the kidney in hypervitaminosis D cases. Generally 
it is understood that symptoms of hypervitaminosis D can be seen secondarily 
in the liver or in the heart except in the kidney. So in the event of a more ad- 
vanced stage of hypervitaminosis D, VB, content in the liver and heart may 
be considered to decrease. The reduction of the content is probably due to 
a disturbance in the kidney tissue. Yagi reported that VB, content in kidney 
in experimental nephritic rabbits remarkablly decreased, but the percentage 
of ester type VB, in the total did not show any significant difference in normal 


and nephritic cases. 
CCONCLUSION 


1. The VB, content in blood and splanchnic organs of experimental 
rachitic rabbits was measured by the lumiflavin method of Fujita-Matsuura. 

2. The total VB, content in blood stood at 16.66y°%, in normal and at 
15.337% in rachitic rabbits, but the difference was not statistically significant. 

3. The total VB, content in the liver registered 34.20 y/g in the controls, 
32.61 y/g in the rachitic, 31.65 y/g in the rachitic rabbits of hypervitaminosis 
D, in the heart 15.32 y/g, 15.38 y/g, 16.44 y/g, and in the spleen 3.78 y/g, 3.87 y/g, 
3.78 y/g respectively, showing no significant difference statistically. The same 
content in the kidney stood at 25.37 y/g in the controls, 23.20 +/g in the rachitic, 
and 15.63 y/g in the rachitic rabbits of hypervitaminosis D, showing an obvious- 
ly significant difference statistically. 

4. The percentage of ester type VB, in the total in the liver was 97.6%, 
in the controls, 98.3%, in the rachitic, 95.8%, in the rachitic rabbits of hyper- 
vitaminosis-D, in the kidney 93.8%, 94.6%, 88.4% respectively, but the differ- 


ence was not large enough to be significant. 
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Hepatic Function of Rachitic and Dystrophic 
Children 


INTDORUCTION 


Prof. Sano” has already published reports on the results of medical ex- 
aminations of more than 30,000 infants and children in Tohoku District, showing 
comparatively high frequency of severe rickets complicated with dystrophy 
among subjects. He pointed out that. rachitic children frequently fall victim 
to acute infectious diseases, so that the frequency of rickets among infants and 
children and their death rate in Tohoku District often describe parallel curves. 
On the other hand, the late Dr. Kaneda of this Clinic reported that in rachitic 
patients, the production of antibodies following injection of vaccine of Sendai 
type pneumonia virus (1952), Fushimi strain, is lowered.” 

What then is the cause that has produced and justified the common saying 
that the rachitic children are naturally weaklings? As a link in a chain of 
studies for throwing light on this question, the author of this paper has continued 
an investigation on the function of the liver (the largest splancnic organ in the 
human body and acting as the center of metabolic function of many bodily 
substances) of rachitic children in Tohoku District, and, comparing the results 
with those obtained with normal children, has arrived at the findings reported 
hereunder. Besides, the author will report briefly the results of his experiments 
with rabbits undertaken with a similar object and by a similar method. 


Subjects and Method of Study 


Subjects: The children subjected to mass-examination in Tohoku District 
within the period from May 1953 to March 1954, and rachitic and normal 
children of out-patient and hospitalized patients in this Clinic during the same 
period, were taken as the subjects of the study, but those having the history 
of liver diseases were excluded. The severity of rickets of each subject was 
evaluated mainly by means of roentgenographic findings of bones, aided by 
the examination of clinical signs and by the determination of serum phosphorus, 
and alkali phosphatase. The degree of dystrophy was evaluated by measuring 
the body weight of the subject, cases with a decrease between 20% and 29% 
from the normal being adjudged as slight and those with a decrease over 30% 
as severe cases, taking also the general bodily conditions into account. For 
the actual tests and blood sampling, the time of empty stomach was always 
selected. 

Methods: For examining the liver function, the following 5 methods were 
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adopted, to avoid pains to the subjects and to perform easy and accurate oper- 
ation. 

1. Icterus Index. 2. Cobalt Reaction. 3. Thymol Turbidity Test. 
(TTT). 4. Bromsulphalein Test. (BSP-test). 5. Urobilinogen in urine. 

For the determination of Icterus Index, the Meulengracht’s method®) was 
adopted, and for TTT, the Maclagan’s method*) was applied. For BSP-test,®) 
5 mg/kg body weight of hepatosulphalein (Daiichi Pharmacy product) was in- 
travenously injected and 30 min. later, blood was taken from the cubital vein 
of the opposite side and serum was isolated from it. A Rony-photometer, 
Leitz, was used for the measurement. For cobalt reaction, the method of 
Inoue and Kumo®) was applied, and for the urobilinogen reaction we used freshly 
voided urine and examined with Ehrlich’s aldehyde reagent. 


Results 


1) Icterus Index: The incidence in 39 normal children are shown in 
Table 91. Cases with the index of 4 units occupied the largest portion in number 


TasB_e 91. Icterus Index in Normal Children 





Units 


below 
Age in year No. cases ¢ 5 . 
ee - | thipliytiaainitelbaliiitiiniipaid i ove 
17 1 , | 7 | 3 
ete 4 5.9 35.4 41.2 | 17.6 
: ats! 
10 3 | 
i % 70.0 30.0 | 
5.6 4 3 | 1 
° 75.0 25.0 
7~13 8 3 3 2 
7 % 375 | SS | 25.0 
Total | 39 I 19 | 13 | 6 
ota o 2.6 18.7 | 333 | 15.4 


| 


with 19 or 48.7% in percentage, all the cases showing indices below 6 units. 
As shown in Table 92, 8 cases or 25.8°% among the 31 dystrophic children showed 
indices larger than 7 and when these were divided into severe and slight dystro- 
phic cases, the majority belonged to the severe cases. Among the rachitic 
children, indices of over 7 units were found in 7 (43.8%) out of the 16 eutrophic- 
rachitic and 9 (47.3%) out of the 19 dystrophic-rachitic children, such large 
indices tending to appear more frequently in severe cases of rickets. No index 


larger than 15 units was, however, found. 

2) Cobalt reaction: The results of the test with normal children are as 
shown in Table 93, all the cases falling under the degrees Re, Rg, Ry. When 
the cases are roughly divided into infants, preschool and school children, 10 
out of the 20 infants or just 50% were of the degree Rg, while preschool and 
school children had more cases of Rg and Ry among them. Of dystrophic and 
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Tas_e 92. Icterus Index in Dystrophic and Rachitic Children 
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Units 
below 
Group No. cases , ” ' . 
J 21 2 9 ¥ 2 l 
Light 2% 9.5 | 429| 333) 9.5), 48 
TT. 10 ' 1 | dal ad 
§ severe % 40.0 10.0 10.0 20.0 
FE 
Total 31 6 9 8 3 3 
ota o% 19.4 | 29.0} 258| 9.7} 9.7 
x ‘ 3 1 1 l 
i Light 3% 33, 
z igh my, 33.3 | 33.3 33.3 
2 ; ' 
5) ii 1 2 2 ‘ 
Fs Severe y 23.1) 15.4! 15.4) 23.1 7.6 
5 16 $ 3 2 3 : 
= = ) : 2 . 2 
Bs Potal % 249 188 12.5) 188 12.5 
3 F 6 2 2 l 
3 Light of 33.33 33.3 | 16.7 
ye 
2 sarees 13 3 2 3 3 l 
4 Severe 0, 93.1 15.3 3.1 3] y a 
£ 
ra a 19 5 2 3 5 2 
ES Potal o% 26.3 105 159 26.3 10.5 
: aad 39 l 19 13 6 
Normal children og 1 96 18.7 | 33.3! 15.4 


TABLE 93. Cobalt Reaction in Normal Children 





R 
Age in years No. cases ” 
O~15 a 50.0 15.0 
14~4 $1.6 a 
5~6 - 75.0 
7~13 Bs nF 62.5 
Total = : oe rr 


9 
17.6 


over 


10 





rachitic children the results are shown in Table 94. Of 30 dystrophic cases, 
10 or 30% showed left shifted reaction of Ro, and Ry and Rs (10%), right-shifted 
reaction. Among the rachitic cases, 8 (47.1°%) of the 17 eutrophic cases showed 
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Cobalt Reaction in Dystrophic and Rachitic Children 
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TABLE 94, 

Group No. cases 

9 

Light = 

fie Je 

a S 

E Severe 10 

a = 

| Total 2 

| % 

g Light F 
1S) 
‘Ee 

2 Severe . 

“a. %o 
9 

3 7 

3 Total = 

n € 

3 Light = 

= ha 
7 

2 Severe 13 

rom /o 
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5 

. 

& Total 25 
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Normal children , 


TABLE 95. 


R, 


4 
20.0 
20.0 


6 
20.0 


uo 





Age in years 


O~14 


7~13 


Total 


No. cases 





left-shifted reaction and 2 (11.8%) right-shifted reaction, while among the 25 
dystrophic-rachitic children, 15 (60%) showed left-shifting of the reaction, only 
one (4%) being of a right-side degree. No difference according to the serious- 
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TasLe 96. Bromsulphalein Test in Dystrophic and Rachitic Children 





| 0 1 cist atat ¢ 7 
Group No. cases 
Ge 14 5/3] 2! 2 I 1 
| Tighe % 35.7 | 21.5) 143) 143) 7.1 7.1 
& | Severe 3 ’ : . 
£ | os 20.0 | 20.0 20.0 | 20.0 | 20.0 
iis 19 ct 4 3/2] 2 1 1 1 
> = ol % 26.3) 21.1} 15.7| 105| 105) 53] 53] 53 
" 4 3 1 
3 Light 2% 75.0 25.0 
2 + : 
bp Cones 13 i 42) 1 
=f | % 38.5 | 30.8 | 23.1) 7.6 
E 17 7 3 | 2 
a | 5 
a Total yy, 29.4 41.2| 176! 118 
2 | ; 4 2 1 1 
a | *# 50.0 25.0 25.0 
2 = 
a) 13 5 2 5 1 
FT ae % $8.5 | 15.4) 38.5 7.6 
° | - | . 
he 
2 | 17 51 2 7 1 l 1 
ke! oe of | 99.4/ 11.7) 41.2 59 | 59 59 
' | 30 7|8|91| 6 
Normal children % ~=—S|:23.3| 26.7) 30.0} 20.0 


ness of the disease was elicited. 

3) Bromsulphalein test: The results with normal children are shown in 
Table 95. The 30 minutes values are always below 3%, and no difference is 
indicated in the values by age. The results shown in Table 96 were obtained 
from dystrophic and rachitic children. Among the 19 dystrophic cases tested, 
5 or 26.4% showed values over 4% and of the 17 cases of dystrophic rachitic 
ones 3 or 17.7°% showed values above 4%, while the 17 cases of eutrophic-rachitic 
children showed values below 3% without exception. Here, also, no difference 
was observable according to the degree of dystrophy or rickets. 

4) Thymol turbidity test: The results with 39 normal children are shown 
in Table 97. A majority of 76.9%, among them, that is, 30 cases had the value 
of below 3 units and all the cases never surpassed the 4 units mark. No differ- 
ence by age was found among them. 

The results from dystrophic and rachitic children are shown in Table 98. 
Among the 37 dystrophic cases, 19 (51.4%) gave results above 5 units, and among 
the 40 rachitic cases, 4 or 23.5°% among the eutrophic patients, and of the 23 
dystrophic children, 10 or 43.5% showed values higher than 5 units. Among 
the dystrophic patients, cases showing results above 5 units were more numerous 
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Thymol Turbidity Test in Normal Children 








Units 
l 2 3 4 
Age in years No. cases 
16 1 7 6 2 
O~14 % 6.3 43.8 37.5 12.4 
11 2 6 3 
1g~4 % 18.2 54.5 27.3 
4 1 1 2 
“a 0% 25.0 25.0 50.0 
8 3 3 2 
I~l3 0 37.5 37.5 25.0 
— 39 l 13 16 9 
— % 2.6 33.3 41.0 23.1 
Taste 98. Thymol Turbidity Test in Dystrophic and Rachitic Children 
ra: ] | | 
Units | | | 
1 2 3 4 5 ers | 2 
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_— 23 1 #4 4 | 3 2) Se" 32) 3 
on o% 13 174! 174] 218) 174) 87) 87 | 4.3 
> = 
~ i 14 I 2 1 L) at hi es 
5 — 2% 7.1 144 7.1 7.1 286) 7.1 | 28.6 
A a 37 2 t 6 6 5 6 | 3 | 5 
- 2 5.4 | 10.8) 16.2) 16.2| 13.5) 162] 82) 13.5 
2 ' 4 2 l | | 
z Light 0 25.0) 50.0 | 25.0 | 
= —— |} 
ns iii 13 7 3 2 | 1 | 
2 stiles % 53.8 23.1 | 15.4 | 7.7 | 
Q | 
E 7 7 1 3 1 | 
= = 1 5 3 | | 
5 — 6 41.2| 59| 294) 17.6 5.9 | 
2 9 l 1 3 1 3 
2 Light ‘ 1.1 | 111) 33.3 11.1 | 33.3 | 
- _| 
¢ an 14 5 2 2 3 | 1 | 
= : 2% 7.1 35.8) 14.3) 143 | 214] 7.1] 
S | 
= | 
ra omy 23 1 2 8 2 3 3} 4 | 
A seen 2 13, 87) 348] 87 | 13.0} 130] 17.5 | 
, 39 1 3 | 16/| 91 | 7 7 
Normal children 2% 2.6 | 33.3} 41.0] 23. | | | 
{ | 


in severe cases than in 
ceptible difference was observed. 


slight ones, but among the rachitic cases, no such per- 
It is obvious, however, that higher than 5 


units cases were more prevalent among dystrophic-rachitic than among eutro- 
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Tas.e 99. Urinary Urobilinogen in Dystrophic and Rachitic Children 





Group Dystrophy Eutrophic rickets | Dystrophic rickets FF 
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ee S/S /Rl/Al/R8 |e | al/a |e | z 
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3 | Ne coms 2 | 3 5 1 4 5 2/7 9 22 
bi % 6/0 | 375 | 455 | 333) DSB | S12) WO) 538) 529 


TasB_E 100. Liver Function Test in Rachitic and Dystrophic Children 
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= Yr WwW.) ¢ 0—10 He 5.0 Roy) 1.5 5.9 +. 
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Eid B.| ¢ 0—8 5.0 Rs (4) 1.0 8.0 + 
cis &| ¥ 0—6 = 4.0 Roi) 6.0 7.2 

a1 RM ss 0—5 _ 6.0 E 3.0 1.3 * 
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H. H.| ¢ 1—0 4.0 R, 4.0 5.6 1 


phic-rachitic children. 

5) Test for urobilinogen in urine: As shown in Table 99, the results with 
healthy children were always normal, but about half of the tested 11 dystrophic, 
16 eutrophic-rachitic and 17 dystrophic-rachitic cases showed weak positive 


results. 

37 dystrophic, 17 eutrophic-rachitic and 25 dystrophic-rachitic children 
were subjected to the 5 kinds of test as above, but owing to the shortage of serum 
used and to miscarriages in the tests in some cases, not all the enumerated cases 
could be individually subjected to all the 5 tests. Thus, upon exclusion of such 
partially tested cases from the final evaluation, the results of general evaluation, 
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shown in Table 100, revealed that among the fully tested 19 dystrophic children, 
9 or 41.1% among the 17 dystrophic-rachitic cases having similar troubles. 
Repeated tests of liver function of rachitic children hospitalized showed no 
change in results within a period of 1-2 months. 

Liver Function Test of Experimental Rachitic Rabbits 

a) Experimental materials and method: 1) As materials, young rabbits 
from the same mother showing approximately similar results in the under- 
mentioned liver function tests were used about 30 days after their birth. 

2) As rachitogenic food, the basal feed was made up of those listed below. 
As the body weight and the appetite of the rabbits grew, the total quantity was 
increased keeping the items in the same proportion. 

Bean-curd refuse: 100g. Carrot: 5g. Yeast: 0.3g. VC: 30mg every 
second day. Calcium lactate: 0.5 g. 

To the control rabbits were given the same feed, except that calcium lactate 
was excluded and 500 IU each of Vitamin D, was given every second day. 
For producing dystrophic rabbits the feed for dystrophic ones was given in half 
quantity. Only the rachitic rabbits were fed in darkness. 

3) Rickets was chiefly diagnosed with roentgenograms, taking into account 
also the results of clinical and biochemical examination. 

4) Sampling of blood was done at the time of hunger early in the morning 
from the rabbits which had not been fed from the preceding evening, by puncture 
of the heart. Urine was sampled in 24 hours, avoiding mixing with feces. 

5) As test methods, 4 of the 5 methods above mentioned in children, except 
the icterus index one, were applied here. In bromosulphalein test this time, 
20 mg/kg body weight of the rabbits of Daiichi’s hepatosulphalein was injected 
through their ear veins, followed by blood sampling by heart puncture 15 
minutes later. In other respects, the same method of testing was followed, as 
in the tests with human subjects mentioned above. 

b) Experimental results: The results are shown in Table 101. When the 
rickets becomes severe and the growth in body weight falls in arrear, showing 
the symptoms of dystrophic rickets, the results of thymol turbidity test are anoma- 
lous as regards BSP-test and urine urobilinogen tests in all cases, and disturbance 
in the liver function becomes obvious. ‘The dystrophic rabbit in Group I (No. 
4) also showed signs of ‘such a disturbance. When 0.5 g/kg of carbon tetrach- 
loride was subcutaneously injected to the rabbits in Group I in the seventh week 
of the experiment, No. 2 died in 8 hours, No. | in 9 and the dystrophic No. 4 
in 10 hours, but the control rabbits No. 5 and 6 survived for more than 24 hours, 
in spite of apparent debilitation. 


SUMMARY AND DIscCUSSION 


It has been known that dystrophy is frequently accompanied with liver 
dysfunction, and Awada® has reported, upon investigation using Asorbin’s 
test, Santosol test, BSP test and Sawada’s corrosive sublimate reaction test, 
that such a dysfunction was observed in 60-70% of dystrophic patients, In 
my experiments also, abnormal values were obtained in 25.8% of the cases 
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Tasie 101, Liver Function Test of Experimental Rachitic Rabbits 
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upon Icterus index, in 40% upon cobalt reaction test, in 26.49% upon BSP test, 
in 51.4% upon thymol turbidity test, in about 50% upon urobilinogen test, 
and upon overall evaluation, in 47.3%. Concerning the liver function, Prof. 
Wakui et al have denied any anomaly in rachitic children, upon Levulose tolerance 
test, Santosol test and Asorbin’s test, and also reported that, in experimental 
rachitic rabbits, there was no difference observable in the results of BSP test, 
but found that their prothrombin time was found slightly prolonged over that 
of normal rabbits. They also.observed notable decrease of bacilli-form mito- 
chondria and glycogen in the histological examination of the liver of rachitic 
rabbits below the normal and attributed these phenomena to a lowered function 
of the Jiver.» Recently, Tomikawa also reported similar experimental results. 

Ogawa of this Clinic has observed fatty infiltration of liver cells and 
reduction of liver glucogen in his pathohistological study of experimental 
rachitic rabbits and white mice," while Fusegawa has observed a diminution 
of total protein and albumin and an increase of a-globulin in dystrophic-rachitic 
cases in Tohoku District.) In my study I found abnormal values in 43% 
of eutrophic-rachitic cases and in 47.3% in dystrophic-rachitic cases in 
Icterus index test, in 58.9% in the former and in 64% in the latter in 
cobalt reaction test, in 17.7% of the dystrophic-rachitic children only in BSP 
test, in 23.59% of eutrophic-rachitic cases in TTT and about 50% of both 
groups in urine urobilinogen test, showing liver dysfunction in 41.1% of the 
eutrophic and 47.0% of the dystrophic rachitic cases in allround evaluation. 
Among all these cases, however, none was found to have been affected serious- 
ly and I have found no one that may be called as belonging to the 
Gerstenberger’s'® so-called “‘ rachitis hepatica’ cases. Upon comparison of 
eutrophic-rachitic and dystrophic-rachitic cases, the dysfunction was found 
to occur in a higher frequency in the latter, while between the merely dystrophic 
group and the eutrophic-rachitic group, the trouble in the liver was relatively 
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more frequent in the former. The experimental rachitic rabbits also showed 
abnormal values in the results of TTT, BSP test, urobilinogen test differing from 
normal rabbits, and the rachitic rabbits died shortly after hepatic poison tolerance 
test, while the normal rabbits survived it. Different test methods invlved some 
difference in results, but after all, liver dysfunction was obvious in all cases. 

We may conclude, therefore, that excluding some exceptional cases, the 
dysfunction of liver in rachitic cases is generally light in degree and occurs only 
in the frequency of some 40%, and in slight rachitic cases the liver function 
is nearly normal, but when the rickets is complicated with severe dystrophy or 
it is serious, the dysfunction is distinctly observable in most cases. From this, 
it may be seen easily that this phenomena bring a vicious circle into existence, 
causing the rickets and the dystrophy to aggravate and vice versa, and become 
also a causative factor in debilitating the resistance of rachitic, especially, severe 
or dystrophic rachitic, children against infection. 


CONCLUSION 


By testing function of the liver in 42 rachitic and 37 dystrophic children in 
Tohoku District by means of icterus index, cobalt reaction, BSP test, thymol 
turbidity test and urine urobilinogen test, the author arrived at the following 
conclusion. 

1. Dysfunction of the liver was observed in about 40% of the subjects. 

2. Most of the slight rachitic cases, showed apparently normal liver func- 
tion, but the serious rachitic cases and these complicated with dystrophy showed 
distinctly liver dysfunction. Even in such cases, however, no case was found 
with grave disturbance of the liver function. 

3. A higher frequency of liver dysfunction was discovered among dystrophic 
and dystrophic-rachitic cases than in eutrophic-rachitic cases. 

Liver dysfunction was distinctly observable in experimental rachitic rabbits 
too. 
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Serum Total Calcium and the So-called Dialytic 
Calcium in Children 


INTRODUCTION 


It has been a common saying that the children in Japan, especially in 
Tohoku District, are habitually fed with food poor in calcium, and the study 
of the serum Ca content in them presents many an interesting problem. Now, 
Prof. Sano and his co-workers in this Laboratory have established the fact that 
we have many rachitic and dystrophic children in Tohoku District, as well as 
that rickets in closely related with dystrophy, so that we were led to classify 
rachitic cases into eutrophic-rachitic and dystrophic-rachitic cases. Prof. Sano 
has also succeeded in perfecting the method of tetany induction test by means 
of per oral administration of phosphates. I have measured the serum total 
Ca and the so-called dialytic Ca contents in children under various conditions 
and arrived at the findings reported below. 


Method of Measurement 


For determination of the total Ca content in serum the author adopted the 
new method for quantitative analysis perfected by Yanagisawa. The values 
obtained with this method can be immediately set in collation with those obtained 
with the current Tisdall’s method. 

The value of the so-called dialytic Ca was measured by adopting the new 
method by Yanagisawa for measuring Ca ions in serum. The values so measured 
are little higher than those by the original method, but they are closely ap- 
proximate to those of the Ca content in spinal fluid, and are in agreement with 
those reported by Gregory-Andersch (1936), Cameron-Moorhouse (1925) and 
Merit-Bauer (1933). Thus, I was led to be confident of my method of measuring 
dialytic Ca (Tabs. 102 and 103). 


EXPERIMENTAL MATERIALS AND RESULTS 


1. Normal Children 


259 normal children in various areas in Tohoku District were selected as 
subjects. Rachitic cases as diagnosed by arm-joint roentgenograms and clinical 
findings were excluded in the experiment. 

a) Serum Total Ca content: The total average of the content in infants 
and children up to 12 years of age stands at 9.75--0.06 mg/dl and no significant 
difference was elicited in the values by age. The highest measured value was 
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Tasie 102. 
Method with my own Modification Method in 
Total Serum Calcium and Diffusible Calcium 





11.15 mg/dl and the lowest 8.05 
mg/dl and 88.8% of the total 
cases showed values between 9.0 
and 10.5 mg/dl. Values below 


Comparison of Yanagisawa’s New 





Diffusible serum | 











Calcium with Calcium of Spinal Fluid 











colciuen Differences 9.0 mg/dl were found slightly 
; Total |—— | more frequently in infants (Tabs. 
No Sicum, —% |28B3| 2, | g& 104 105 and 106). 
z¢ (333 | 32 | eS b) The so-called  dialytic 
ZR |Ack | <> |A’ Ca value: The total average 
lies | 9.10 | 3.35 | 3.90 0.55 | 5 stood at 5.00-+0.07 mg/dl and no 
: pene | rs a ; stoichiologically significant diffe- 
4 | 10.15 | 4.00 4.50 0.50 | 5 rence was seen in the values by 
5 | 9.00 | 4.40 4.65 - | 3 age groups. The highest value 
; | me | bind | pens - amounted to 7.20 mg/dl and the 
8 | 890 3.70 | 5.35 1.65 | 17 lowest stood at 3.55 mg/dl, and 
= | ven | ro ond oan . 35.4% of cases standing between 
il 9.20 | 3.25 5.00 1.75 | 19 4.0 and 6.0 mg/dl. More cases 
12 | 9.65 | 375 | 5.25 | 150 | 16 of below 4.0 mg/dl in this value 
i4 | 10.25 | 425 310 on ; were found among infants (Tabs. 
15 | 10.25 | 505 | 6.00 | 095 | 9 107, 108 and 109). 
c) The so-called dialytic 
Tasie 103. Comparison of So-called Diffusible rate: The total average stood at 


51, 0.65% and no difference was 


observable by age. The lowest 
Total | Diffusible | Calcium | pig. value was 38% and the highest 
No. serum serum of spinal Diffe 
iim tim \| aa 69%), 91.2% of the total cases 
ean Onna —_—|—_—___| standing between 40 and 60% 
1 10.05 550 | 5.70 —0.20 
2 9.30 435 | 455 | —020 (Tabs, 110, 111 and 112). 
3 9.60 5.20 5.30 —0.10 
4 9.25 4.10 | 4.35 —0.25 eos 
5 9.70 5.15 5.20 | —0.05 2. Rachitic and 
6 | 9.75 5.15 | 5.00 +0.15 Dystrophic Children 
7 | 10.10 5.05 | 5.10 | —0.05 a 
8 | 960 {| 520 | 5.30 —0.10 197 rachitic children _bet- 
9 | 9.60 | —_— | = —0.20 ween 4 months and 4 years 8 
10 | 9.40 5.45 5.50 —0.05 : 
months of age and 51 dystrophic 


2 years 11 months were subjected to the examination. 





children between 2 months and 
Both the groups were 


subdivided into the light and the severe subgroups, according to the precise 
evaluation by Prof. Sano. 

a) Serum total Ca content: In the dystrophic group, the total average 
was 9.35-++0.16 mg/dl, the average in the light dystrophic cases 9.40+0.18 
mg/dl and in the severe cases 9.28++0.29 mg/dl, the latter showing the lower 
value. In the rachitic subjects, the total average was 9.56+-0.12 mg/dl, aver- 
aging 9.75+-0.16 mg/dl in eutrophic-rachitic and 9.21--0.46 mg/dl in dystro- 
phic-rachitic cases. Upon comparison with the above values in normal children, 


it was found that the values in lightly dystrophic and eutrophic-rachitic cases 
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Tasie 104. Differences of Total Serum Calcium by Age in Normal 
Children 





age | 0-1] 1-2| 2-3| 3414-5 | 56 


Cases ~lgo| s¢| a9 ail a4 | 10 | 
Maximum 10.90 10.50 10.50 10.30 10.25 10.40 
Minimum | 8.55, 8.80, 8.50 8.85, 8.70 9.30 
Mean (984 9.84 9.70 9.71) 9.39, 9.90 
Standard a 
Siodueion | 0.54 0.48 0.48, 0.38) 0.50, 0.33 


Reliability | 0.20) 0.17, 0.18, 0.25) 0.29) 0.23, 
| ! | | 





6-7 | 7-8 | 8-9 | 9-10 10-11 11-12 12-13, Adult 





12 20 | 20 | 20 | 18 21 “20 i 9 

10.20 10.05 11.15, 10.45) 10.80, 10.15! 10.30 10.40 
8.85} 8.05; 8.95 9.20) 9.05) 8.65) 8.80) 9.05 
9.74, 9.56) 9.68) 9.95) 9.93) 9.77) 9.59) 9.72 


0.37, 0.56 0.49 0.36 0.54) 0.41) 0.37, 0.47 
0.23 0.26 0.23 0.17) 0.27) 0.19, 0.17, 0.35 











Taste 105. Differences of Total Serum Calcium by Age in Normal 
Children of Tohoku Region 
| 
| Infant childred School age | Total 
‘lie setae (aia ied SRS gaa e a — | children Adult 
| Ol | 3 | 36 | 69 | o43y | | 
Cases | 30 | 63 36 | 52 | 79 29 | 9 
Maximum | 10.90 10.50 | 10.40 | 11.15 1095 | 11.15 10.40 
Minimum | 855 | 8.50 8.70 | 8.05 | 8.65 | 8.05 9.05 
Mean 9.84 | 9.74 9.64 | 9.65 | 9.80 | 9.75 9.72 
Standard deviation 0.54 | 0.48 0.42 | 0.49 0.42 | 0.47 | 0.47 
Reliability 0.20 | 0.12 0.14 | 0.14 | 0.09 | 0.06 | 0.35 
Tas.e 106. Distribution of Total Serum Calcium in Normal Children 
| Total serum calcium (mg/dl) 
Cases - = ——— Sie 
| 8-9 | 9-95 | 9.5-10 | 10-10.5| 10. 3-11] 11- 
Infancy | 30 | 3 | 4 | 13 | 2 | @ 
Childhood 63 | 7 | 10 | 24 22 0 | 0 
Childhood } 3 | 5 8 | 4 | 8 0 | oO 
School age so | 5 | 9 3 | 6 | 1 | 1 
School age 79 | #2 | 22 [ Se forge 4 3 | 0 
Total children | 259 2: an oe ee a | 65 | 6 | 1 
Percentage 85) 205 | 432 | 251] 23 | 04 
Adult | 9 o; 5 | 2 2 0 | 0 


Taste 107. Differences of Diffusible Serum Calcium by Age in Normal Children 








age al 0- 1 i se 2-3 | 3-4 | 4-5 | 5-6 | 6-7 | 7-8 | 8-9 | 9-10 10-1111-12 12- 13 Adult 


Cases 30 5 34 | 
Maximum | 7.20) | 6.46 
Midimum | 3.65 | 3.90 
Mean 5.06 | 5.15 
Standard 


Deviation | 


6.30 | 6.00 | 5.15} 
3.75| 3.70) 3.05 
5.29 | 4.70} 4.25 | 





29 | i) 4 10 12 | “90! 20), 


| 


20] 


Reliability | 0.28 | 0.21 | (0.21 | (0.46 | 0.36 | 0.33 | 0.33 | 0.33 | 0.29 | 0.31 


18 | a 20| 9 


5.30} 5.35] 6.55) 7.10} 6.35 | 6.60 5.50 | 5-40) 5.15 
4.00| 3.55| 3.70) 4.55| 3.90) 4.45} 3.60 | 4.30| 


4.05 


| hen 4.64 | 5.21 | 5.12} 5.27} 5.39| 4.64 | | 482] 4.68 
0.75 | 0.61 | 0.55 | 0.69 0.63| 0.48 | 0.52) 0.71 | 0.63 | 0.77 | 0.70 | 0.46 0.30} 0.41 
| 0.35; 0.21} 0.14] 0.31 


were not significantly different, but the values in severely dystrophic and dystro- 


phic rachitic groups were obviously subnormal. 


The distribution of the indivi- 


dual values in dystrophic and rachitic children extended for beyond the area of 
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Tape 108. Differences in Diffusible Serum Calcium by Age in 
Normal Children 
Infant Childhood School age Total em 
0-1 1-3 | 36 | 69 | o43y | children | 
No. cases 30 63 35 52 79 259 9 
Maximum 7.20 6.45 6.00 7.10 6.60 7.20 5,15 
Minimum 3.65 3.75 3.00 3.70 3.60 3.00 4.05 
Mean 5.06 4.22 5.55 5.04 5.20 5.00 4.68 
Standard Deviation 0.75 0.59 0.61 0.64 0.59 0.62 0.41 
Reliability 0.28 0.51 0.20 0.18 0.12 0.07 0.31 
Tasie 109. Distribution of Diffusible Serum Calcium in Normal Children 
Diffusible serum calcium (mg/dl) 
Cases SS a 
3.0-4.0 4.0-4.5 | 4.5-5.0 | 5.0-5.5 | 5.5-6.0 6.0 
Infancy 0—-12mths 30 2 6 9 6 5 2 
1—3yrs 63 3 5 11 25 15 4 
3-6 35 8 9 if 10 Oo | 1 
6-9 52 3 7 13 19 a: 3 
9-12 79 2 19 24 18 6 10 
Total children 259 18 46 64 | 78 nn 
Percentage 100 6.9 17.8 24.7 | 30.1 12.8 7.0 
Adult 9 0 3 + | 4 0 0 
Taste 110. Age Differences of Diffusible Serum Calcium in Normal Children 
age 0-1 1-2, 23) 34 45/56 67 7-8|89 9-10 10-11 11-1212-13 Adult 
Cases 30 | 34 29 1] 14 10 12 20 20 20 18 21 2; 
Maximum 69. 62 66 63 51 54 54 67 67 62 61 55 53 | 54 
Minimum 38 41 44 41 35 42 40 44 47) 42 45 | 42| 45| 43 
Mean 31 | 52 55 48 48 49 18 55 53.| 3538 54 | 47| 50) 47 
Standard 198 5.7 | 48| 66| 58| 42| 50 57/52! 67) 47| 39| 2.3| 39 
eviation | 
Reliability (2.6 |2.0| 18 | 44; 33) 29} 3.1) 26) 25) 31] 23 | S| ta} 29 
TasLe 111. Differences of diffusibility Percentage by Age in Normal Children 
Infant Childhood School age Total aide 
o-1 | 13 | 36 | 69 | G4dy | children | 
Cases 30 63 35 52 79 259 9 
Maximum 69 66 63 67 62 69 54 
Minimum 38 41 40 40 42 38 43 
Mean 51 54 47 52 51 51 48 
Standard 6.8 5.4 5.8 5.4 4.7 5.4 3.9 
Reliability 2.6 1.4 2.0 1.5 0.99 0.65 2.9 


distribution of the normal values (Tabs. 113 and 114). 
b) The dialytic Ca value: The total average in dystrophic cases 4.48 
+0.16 mg/dl, in slight dytrophic cases 4.63-+0.19 mg/dl and in severe dystro- 











me CO OT OT © 


Oo 


oooo wn +h 


dult 


It 


48 


[ro- 


Serum Total Calcium and the So-called Dialytic Calcium in Children 


161 














TaBLE 112. Distribution of Srum Calcium Diffusibility Percentage 
in Normal Children 
, Diffusibility (22) 
Age No. iti 
= 40 | 40-45 | 45-50 | 50-55 | 55-60 60- 
Infancy 0-—12mths 30 l + 10 7 6 2 
1-3yrs 63 0 7 10 25 15 6 
3-1 35 3 11 12 8 0 0 
6-9 52 1 6 12 17 13 $ 
9-12 79 0 15 23 23 12 6 
Total children 259 5 43 67 80 46 18 
Percentage 1.9 16.6 25.9 30.9 17.8 6.9 
Adult 9 0 3 3 3 0 0 
Taste 113. Total Serum Calcium in Dystrophic and Rachitic Children 
Dystrophic Eutrophic Light dystrophic | Severe dystro- 
rickets rickets rickets phic rickets 
: - Control 
Mild | Severe Mild | Severe Mild | Severe Mild | Severe 
case | case R. R. R. R. 
Cases 29 22 82 24 40 26 6 19 104 
Maximum | 10.35; 10.30 11.05 11.65 11.30 11.10 10.35 9.80 10.90 
Mean 9.40| 9.28 9.78 9.65 9.47 9.18 9.15 8.80 9.79 
Standard =§ 047 066 0.50 O81 140 10f, 0.79 093 0.48 
eviation 
Reliability 0.18 0.29 0.11 0.34 0.44 0.79 0.79 0.45 0.09 
Tasie 114. Distribution of Total Serum Calcium in Dystrophic 
and Rachitic Children 
Dystrophic Eutrophic Light dystrophic | Severe dystro- 
Ca rickets rickets rickets phic rickets 
os /dl Control 
8 Mild | Severe Mild | Severe Mild | Severe Mild | Severe 
| Cases | Cases R. R. R. R, R. R. 
- 7.0 0; O 0 0 7 2 0 1 0 
0) @) ©) | @) (0) | (7.7) @)  63)) @) 
7.8— 8.0 l 1 0 1 2 I l 3 0 
(3.4)| (4.5) (0) (4.1) | (5.0) | (3.9) | (16.7) | (15.8) (0) 
8.0- 9.0 | 3 6 9 3 a 4 7 2 4 11 
| (10.3)| (27.3) (11) (12.5) | (27.5) | @69) | (3.38) | G10) (10.6) 
90-95 | 16 7 20 7 4 | 6 1 8 16 
(55.1)} (31.9) | (24.4) | (29.3) | (10.0) | (23.0) | (16.7) | (42.1) (15.4) 
soo] 7| si a7j|si|s| 5s I 3 43 
| (24.2)| (27.3) | (32.9) | (33.3) | (32.5) | (19.2) | (16.7) | (15.8) (41.3) 
10.0-110 | 2| 2 24 3 | 8 | 4 1 0 34 
| (7.0)| (9.0) | (29.3) | (12.5) | (20.0) | (15.4) | (16.7) (0) (32.7) 
11.0 | oO 0 2 Se Se ke ee. 0 0 
| (0) (0) (2.4) (8.3) | (5.0) | (3.9) | (0) (0) (0) 
Cases | 29} 22 82 24 | 40 | 6 | 6 19 104 
| (100); (100) | (100) (100) | (100) | (100) | (100) (100) (100) 
°, in parenthesis. 
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Taste 115. Diffusible Serum Calcium in Dystrophic and Rachitic Children 








Dystrophic Eutrophic Light dystrophic | Severe dystro- 
rickets rickets rickets phic rickets 
Control 
Mild | Severe Mild | Severe Mild | Severe Mild | Severe 
case case R. R. R. R. R. 
Cases 29 22 82 24 40 26 6 19 19 
Maximum 5.75 5.40 6.80 6.65 6.55 5.75 4.50 4.15 4.15 
Minimum 3.65 3.50 3.00 2.85 3.10 1.50 3.60 1.95 1.95 
Mean 4.63 4.27 4.83 4.38 $65 | 3.45 3.98 3.31 3.31 
Btandard | 0.50 0.59 | O71 1.01 | 082 | 1.00 | 0.29 | 080 | 0.80 
eviation 
Reliability 0.19 0.26 0.15 0.43 0.26 0.41 0.29 0.38 0.38 
Tasie 116, Distribution of Diffusible Serum Calcium in Dystrophic 
and Rachitic Children 
Dystrophic Eutrophic Light dystrophic | Severe dystro- 
rickets rickets rickets phic rickets 
dl - — = ——| ‘Control 
mg/ Mild | Severe | Mild | Severe | Mild | Severe | Mild | Severe 
case case R. x. R. aS 1 et wm 4 
-3.0 0 0 0 2 0 9 | O 2 0 
(0) (0) (0) (8.3) (0) (34.5) | (0) (26.5) (0) 
3.0-3.5 0 I 3 2 7 6 0 | 6 0 
(0) (4.5) (3.7) (8.3) | (17.5) | (23.0) (0) | (31.5) (0) 
3.5-4.0 3 7 8 5 5 5 4 6 | 7 
(10.3), (31.8) (9.7) | (20.8) | (12.5) | (19.2) | (66.7) | (31.5) (6.7) 
4.0-4.5 13 7 16 6 9 r 4 2 | 2 24 
(44.9)| (31.8) | (19.5) | (25.0) | (22.5) (3.9) | (33.3) | (10.5) (13.5) 
4.5-5.0 5 + 21 2 7 2 0 | 0 22 
(17.2)| (18.3) | (25.6) (8.3) | (17.5) (7.7) (0) (0) (24.2) 
5.0-6.0 8 3 31 5 11 oS 0 0 55 
(27.6)| (13.6) | (37.8) | (20.8) | (27.5) | (11.5) (0) (0) (52.8) 
6.0- 0 0 3 2 1 0 . i 2 6 
(0) (0) (3.7) | (83) | (2.5) (0) (0) (0) | (5.8) 
Cases 29 22 82 24 40 26 6 19 | 104 


(100) | (100) (100) (100) (100) (100) (100) (100) (100) 


°) in parenthesis. 
phic cases 4.27+0.26 mg/dl, the value of the latter being lower than that of 
the former. The total average was 4.41-0.14 mg/dl in rachitic cases, 4.73+ 
0.21 in eutrophic-rachitic cases and 3.98-+0.33 mg/dl in dystrophic-rachitic 
The value was found to fall the lower, the severer the rickets and the 


cases. 
dystrophy (Tabs. 115 and 116) 

c) The dyalitic Ca value: In dystrophic cases, the total average was 
48+1.5%, standing at 49-+1.7%, in slight and at 47+2.5% in severe dystrophy 
cases, the latter showing a little lower mean value. Of all the rachitic cases, 
the average was 46+1.1°%, and 48+1.6% in eutrophic and 42+2.7% in dystro- 
phic-rachitic cases, all the groups showing subnormal values (Tabs. 117 and 118). 
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Tasie 117. Diffusible Calcium Ion Percentage in Dystrophic and 
Rachitic Children 
Dystrophic Eutrophic Light dystrophic | Severe dystro- 
rickets rickets rickets phic rickets 
Control 
Mild | Severe Mild | Severe | Mild | Severe Mild | Severe 
case case > di: Gee  R ee 
Cases 29 22 82 24 | 4 | 26 6 19 104 
Maximum 52 56 66 59 58 52 50 51 69 
Minimum 42 35 35 30 35 24 40 22 38 
Mean 49 47 49 47 47 | 37 44 38 52 
a || 46) SF 5.4 7.4 5.4 | 10.0 3.6 6.5 6.2 
eviation 
Reliability 7 25 12 3.1 a oo? 2.6 3.1 1.2 
Tasie 118. Distribution of diffusible Calcium Ion Percentage in 
Dystrophic and Rachitic Children 
Dystrophic Eutrophic | Light dystrophic | Severe dystro- 
rickets rickets rickets phic rickets 
of Control 
sil | Mild | Severe | Mild | Severe | Mild Severe Mild | Severe 
case | case R. | R. | R. R. 
~30 0 | oO 0 1 o | 6 0 2 0 
(0) (0) (0) (4.1) (0) | (23.0) (0) (10.5) (0) 
30-35 0 1 1 0 Pa 8 0 4 0 
(0) | (45) | (1.2) (0) | (2.5) | (30.7) (0) (21.0) (0) 
340 | of 1] 4. 2 £3) = I 6 2 
(0) (4.5) | (4.9) (29.7) | (10.4) | (11.5) | (16.7) (31.5) (1.9) 
40-45 8 1 6| 16 7 | 0 | 38 3 | 6 15 
| (27.6)| (50.0) | (19.5) (29.3) | (25.0) | (11.5) (50.0) | (31.5) (14.4) 
45-50 11 $ | + | 12 4 2 0 22 
| (37.9) | (13.7) (29.2) | (16.6) | (30.0) | (15.4) (33.3) (0) (21.2) 
50-60 | 10 6 | 36 5 13 2 0 ] 57 
(34.5); (27.3) | (44.0) | (20.8) | (32.5) (7.7) (0) (5.3) (54.8) 
60- 0 0 l 0 | oO 0 0 0 8 
(0) (0) (1.2) (0) (0) | (0) (0) (0) (7.7) 
Cases 29 22 82 24 40 | 26 6 19 104 
(100) (100) (100) (100) (100) (100) (100) (100) (100) 


°, in parenthesis 


d) Supplementary observation : 
cases is in close relation with their alimentary state. 


serum rises upon vitamin D, and citric acid treatments, but this rise has been 
revealed to be mainly due to the rise in dialytic Ca, so that the change in the 
dialytic Ca value has come to be considered as serviceable in evaluating the 


progress of rickets. In severely rachitic cases, the value of dialytic Ca in serum 


is frankly lower than in spinal fluid, but this difference apparently diminishes 
with the progress of treatment. 


The low Ca content in blood of rachitic 
The total Ca value in 
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2. Influence of peroral Administration of Phosphates 


The test was performed with 19 rachitic cases as subjects, of whom 17 had 
complications such as Moller-Barlow’s disease or osteogenesis imperfecta, but 
2 were seemingly free of such complications. These were orally administered 
with 0.1-0.5 g per kg body weight of secondary sodium phosphate in early 
morning before breakfast. 

The electric excitability was tested in the ulnar nerve, and when K.O.Z. 
appeared with a current below 5 MA, the case was registered as EE positive, 
and when tetanous ankylosis appeared in the limbs, positive tetanic reaction 
was deemed present. 

a) The common type: After the administration of the phosphate, both 
the total Ca and the dialytic Ca contents began to decrease, reachung the 
minimum in | to 6 hours, and recovered the original level in 24 hours in only 
a few cases. The changes in the total Ca and the dialytic Ca contents were 
nearly paralled. The decrease of the Ca values was also generally proportionate 
to the dosis of the administered chemicals. 

b) Tetany induction test in normal subjects: The total Ca content fell 
from the original 8.90—9.65 mg/dl (9.29 mg/dl in the mean) to 7.10—8.30 mg/dl 
(7.95 mg/dl in the mean), the rate of diminution being 10.2—-24.1% (averaging 
15.3%), while the decrease of dialytic Ca value was from 4.45-—5.20 mg/dl 
(averaging 4.75 mg/dl) to 3.20-4.70 mg/dl (3.72 mg/dl in the mean), the rate 
being 9.6-31.9% (averaging 21.9%). Generally speaking, the decrease was 
very slight and tetanic reaction was never observed in any case. 

c) In rachitic children: In the tetany reaction positive and EE positive 
group, the total Ca value decreased markedly from 8.10-—10.75 mg/dl (average : 
9.60 mg/dl) to 4.8—8.65 mg/dl (7.13 mg/dl in the mean), the rate of decrease 
amounting to 15.2—40.7°, (26.1% in the mean). The dialytic Ca content also 
fell makedly from 2.90—5.50 mg/dl (averaging 4.10 mg/dl) to 0.5-3.65 mg/dl 
(1.96 mg/dl in average), the reduction rate amounting to the hight of 30.0- 
85.2% (53.7% in the mean). In the tetany reaction negative EE positive group, 
the total Ca content fell from 8.70—10.10 mg/dl (9.39 mg/dl in the mean) to 
5.25-8.60 mg/dl (7.01 mg/dl in the mean), showing a rate of 7.3-47% (averaging 
24.0%) of decrease while the dialytic Ca decreased from 2.95-5.25 mg/dl 
(averaging 4.14 mg/dl) to 1.80—3.35 mg/dl (2.44 mg/dl in the mean), the rate 
of 15.2-67.5% (averaging 40°) only. In the tetany reaction negative and 
EE negative group, the total Ca content decreased from 9.10—10.60 mg/dl 
(averaging 9.77 mg/dl) to 7.30—9.05 mg/dl (7.63 mg/dl in the mean), the rate 
of decrease standing at 12.9-28.8% or at 22.0% on the average. The dialytic 
Ca content fell from 2.90—5.15 mg/dl (averaging 4.32 mg/dl) to 1.90—-3.65 mg/dl 
(averaging 3.11 mg/dl), showing the rate of 24.7-50.5% (35.7% in the mean). 
In the above tests, it was found that the decrease of total Ca and dialytic Ca 
appears speedily and intensely in the cases where the tetany reaction or the 
EE is vebemently manifested, but no significant anomaly can be seen from 
the change of the total Ca content or the absolute dialytic Ca value. 

d) Change of Ca value in spinal fluid following tetany induction tests : 
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The value falls slightly in many cases, but in some cases, no such a decrease is 
observed, no constant tendency being observable, and no correlation seems to 
exist between this value and the serum Ca content. 


Discussion 


In the summer of 1947, a U.S. Ekiri Investigation Comission headed by 
Prof. K. Dodd visited Japan and announced that “ most of the Japanese children 
are suffering from deficiency of Ca content,” and this statement is in good 
agreement with what has been reported on the serum total Cavalue in children 
in Tohoku District, where low blood Ca content was not especially frequently 
found, but low blood Ca was somewhat frequent in infants. ‘The reported 
serum dialytic Ca values are not concordant, due to the difference of quanti- 
tative analysis methods followed. While B.S. Neuhausen (1922), K. Marschall 
(1922) and Richter-Quittner (1921) assert that 5-10% of Ca is in form of ions, 
Rona-Takahashi (1911) and Loeb (1923) showed the percentage up to 55-75%, 
showing a remarkable difference of opinions. But since Mclean-Hasting (1935) 
reported that about 50% of the total Ca is ionized (dialytic Ca), this value has 
come into general acceptance. My measured values, in spite of difference in 
anlystic methods, are in good agreement of Mclean-Hasting’s (1935) and Herlitz’s 
values. No decisive results have yet been obtained on the change of serum 
dialytic Ca value by age, but in my study, I found that the value is somewhat 
higher in childhood than in adults. 

On the serum total Ca value in dystrophic children, Kitamura (1922), 
Kanzaki (1948) and Yamada (1952) have denied any decrease, while Utheim 
(1922) Pincus (1931), M. Katzenellenbogen (1913) and Arai (1953) have reported 
slight decrease. In my study, a frank decrease to 9.35+-0.16 mg/dl in average 
was observed. We have no past report on dialytic Ca value in such cases, and 
in my study some decrease was observed but the rate of dialytic Ca was not 
significantly reduced. This is presumably due to the simultaneous decrease 
of both the dialytic and the combined Ca. 

In rachitic cases, the serum Ca content has been reported as decreasing 
by L. Willis (1925), Gyorgy (1922), Tisdall (1922), and Kitamura (1922), but 
as remaining within the normal range by M. Katzenellenbogen (1913), Anderson 
(1924), Halverson (1917), Howland-Kramer (1921) Izumi (1931) and Yoshi- 
moto (1935). I have found a slight drop to 9.56-+0.12 mg/dl in average. 

Upon the dialytic Ca value in rachitic children, a few researchers including 
Benuamin-Hess (1933), Hasting (1935) and Meysenberg-Mcan (1921) have 
reported that the absolute value as well as the rate of dialysis remain within the 
normal range. In my study, the total average showed a decrease to 4.41+ 
0.14 mg/dl, and the dialysis rate also come down to 461.1% in the mean. 
This showed that the decrease in total Ca value is mainly due to a decrease 
in dialytic Ca. It was also noted that low Ca value is rather more closely 
related to the degree of dystrophy than to the severity of rickets. 

Henning (1939), Tisdall (1922) and Gyorgy (1922) stated that a total Ca 
value of 7.0 mg/dl is approximately the threshold value for occurrence of tetany 
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reaction. This is nearly in agreement with my results, but after all, I found 
no constant parallelism between the tota Ca value and tetany reaction or electric 
excitability. Pincus (1926) and Liu (1933) have asserted that a reduction of 
Ca value is in a closest relation with tetanic reaction, and Fankoni (1954) and 
Gunther-Greenberg (1930) have reported that the threshold value of dialytic 
Ca for tetanic reaction lies between 2.5—3.0 mg/dl. My research showed that 
the threshold value is around 2.0 mg/dl, and the change in the dialytic Ca value 
is relatively more closely related with tetany induction and heightening of electric 
excitability than a decrease of the total Ca value. Stuvesiwe (1934) says that 
the Ca content of spinal fluid is not changed in parallel with that in serum Ca 
value, at the time of tetany, only occasionally falling below the normal value. 
My results were in agreement with this observation. 


CONCLUSION 


1. The serum total Ca and the dialytic Ca contents in Tohoku District 
were measured, and though no significant difference in these values by age 
was observed, I have found cases with subnormal values more frequently among 
infants. 

2. In dystrophic cases, both the total and the dialytic Ca contents were 
found decreased. In rachitic cases, the total Ca value was also found decreased, 
and this drop of the total Ca content seems to be more in parallelism with the 
severity of dystrophy than of rickets. The dialytic Ca content was obviously 
subnormal, and the severer the rickets and the dystrophy, the greater was the 
drop. 

When rickets is on the way of alleviation by vitamin D, or citric acid ad- 
ministration or is recovering spontaneously, the increase of dialytic Ca is more 
marked than that of the total Ca content. The dialytic Ca value in serum 
approaches the Ca content in the spinal fluid. 

3. Upon administration of phosphates, the measurement of the total Ca 
and the dialytic Ca contents in serum revealed that the dialytic Ca value is 
more in parallel relation with tetanic reaction and electric excitability, than 
the total Ca value. 
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Serum Inorganic Phosphorus and Serum Alkaline 
Phosphatase in Children 


INTRODUCTION 


Of the constituents of blood in rachitic patients, inorganic phosphorus and 
alkaline phosphatase have been proved to be the most important by various 
authorities in the past. Hitherto it has been generally believed that rickets 
is very few in dystrophic children and that there is no rickets without development, 

According to the opinion of Prof. Sano and his co-workers (1945), however. 
there are not only numerous rachitic children in Tohoku District, but also con- 
siderably many rickets complicated with malnutrition in this same district, 
Furthermore, they have proved experimentally that in rickets with dystrophy 
the histological findings of the bone are severer than the other clinical signs 
and X-ray findings of the bone. 

In this paper, the serum inorganic phosphorus content and the serum 
alkaline phosphatase value have been investigated in children under various 
conditions. 


Method 


Phosphorus (abbreviated to P hereunder)—The Fiske-Subbarow method was 
used. The average deviation.of duplicates was 0.98 per cent. 

Alkaline phosphatase (abbreviated to Alk. Pt. hereunder)—In the majority 
of the cases the Bessey-Lowry method was employed. The Shinowara, Jones 
& Reinhart method was used in the remaining one-third of the cases. The 
results obtained with Bessey-Lowry and with the Shinowara, Jones & Reinhart 
methods were compared on a statistical basis, and | f-nitrophenyl unit in the 
Bessey-Lowry method was found equal to 2.80 units in the Shinowara, Jones 
& Reinhart method. So the results of the tests of serum alkaline phosphatase 
are shown and compared in the Shinowara’s unit. 


Results 


1. In the normal children in Tohoku District 

The subjects, who were clinically and roentgenologically healthy, were 
selected strictly by Prof. Sano. 

The inorganic phosphorus of the serum was determined in 134 normal 
children, 68 of whom were males and 66 were females, and in 8 normal adults 
and the alkaline phosphatase in serum was determined in 109 normal children, 
56 of whom were males and 53 were females, and in 8 normal adults. 
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The inorganic phosphorus range in normal children was found to be from 
6.35 to 4.16 mg/dl and gave an average of 5.12-+0.08 mg/dl, and the alkaline 
phosphatase in normal children ranged from 14.30 to 2.70 units and averaged 
6.49+0.40 units. The serum inorganic phosphorus content rose to the maximum 
of 5.32+0.09 mg/dl in 78 sucklings with a range from 6.35 to 4.35mg/dl, then 
gradually fell to 4.87+0.11 mg/dl in 46 infants between | and 6 years of age 
ranging from 5.73 to 4.16 mg/dl and to 4.75-++-0.07 mg/dl in 10 subjects in 
primary school years, ranging from 5.14 to 4.35 mg/dl, becoming stabilized at 
3.27+0.18 mg/dl in adult age. The difference, however, between the values 
shown by sucklings and infants only was statistically significant, while that 
between the values of infancy and school years was not. 

The serum alkaline phosphatase values were found to be also high in children 
and lower and stabler in adults. The average values were: 6.93+0.57 units 
in 60 sucklings from 14.30 to 3.21 units; 5.95-+0.53 units in 39 infants between 
1 and 6 years of age, with a range from 9.21 to 2.70 units; 5.92+0.92 in 10 
school children with a range from 8.01 to 4.11 units, and 2.29+0.35 units in 
adults, but here the differences by age groups in children were not statistically 
significant (Tab. 119). 


Tasie 119. Serum Inorganic Phosphorus and Serum Alkaline 
Phosphatase in Normal Subjects 


Serum Inorganic Phosphorus (mg/dl) Serum Alkaline Phosphatase (units) 














Age in No. : : Age in| No. | 
years | cases Range Average years ponin Range | Average 
0—1 78 | 6354.35 | 5.32+0.09 0—1 60 14,303.21 | 6.9340.57 
1-6 | 46 | 5.73—4.16 | 4.87+0.11 1—6 39 | 9.21—2.70 | 5.95+0.53 
6—12| 10 | 5.14—4.35 | 4.7540.07 6—12| 10 | 801—4.11 | 5.924092 
Total | 134 | 5.12-+0.08 Total | 109 | 6.49+0.40 
Adults | 8 | 341—2.99 | 3.2740.18 Adults | 8 | 3.10—1.72 | 2.29+0.35 
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Fig. 78. Fluctuation by age in serum inorganic phosphorus in normal children and adults. 
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Fig. 79. Fluctuation by age in 
serum alkaline phosphatase in nor- 
mal children and adults. 

Fig. 80. Fluctuation of serum in- 
organic phosphorus contents in 


normal sucklings. 











| | Fig. 81. Fluctuation of serum 
| alkaline phosphatase values in nor- 
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Fig. 78 to 81 illustrate the serum inorganic phosphorus contents and 
the serum alkaline phosphatase values in each age groups. There occurs a 
slight increase in the inorganic phosphorus at the fifth, sixth and seventh month, 
but the difference between the values of these age groups and that of the other 
has not been statistically significant. 

The serum inorganic phosphorus contents in 68 male children gave an average 
of 5.04++0.10 mg/dl, in 66 females gave that of 5.20-+-0.11 mg/dl. The serum 
alkaline phosphatase values averaged 6.35--0.54 units in 56 male children and 
6.60+0.55 units in 53 females. These values proved to be no difference by 
sex beth in the phosphorus content and the phosphatase values (Table 120). 


Taste 120. Serum Inorganic Phosphorus and Serum Alkaline 
Phosphatase Observed by Sex 





Phosphorus content Phosphatase value 


No. cases Average 





Sex No. cases Average 








Males 68 5.05+0.10 56 6.3540.54 
Females | 66 5.20+0.11 53 6.60+0.55 
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The seasonal fluctuation proved to be as follow: the serum inorganic phos- 
phorus content was the highest of 5.42++0.23 mg/dl in summer and the lowest 
of 5.06-+-0.13 mg/dl in winter, while the alkaline phosphatase value in serum 
also showed the maximum of 7.34+1.88 units in summer, but the minimum of 
6.06+0.83 units in spring (Tab. 121). 

Tasie 121. Seasonal Observation in Serum Inorganic Phosphorus 


(mg/dl) and Serum Alkaline Phosphatase (units) 





Serum Inorganic Phosphorus Serum Alkaline Phosphatase 
Seasons — | Range Average Seasons bea | Range Average 
Winter 17 5.68—4.60 5.06+0.13 Winter 11 | 12.01—4.92 | 6.53+0.64 
Spring 29 6.35—4.32 | 5.22+0.18 Spring | 22 | 9.44—3.87 | 6.06+0.83 
Summer 10 5.95—4.92 | 5.42+0.23 Summer 8 | 10.23—3.81 | 7.34+1.88 
Autumn 43 6.10—4.16  5.29+0.13 Autumn 36 | 14.30—2.70 | 6.96+0.81 


2. In rachitic and dystrophic children 

The rickets was diagnosed by Prof. Sano on clinical and roentgenological 
basis, and classified to the severe form and to the mild form. The dystrophic 
subjects were classified on the body weight and the clinical signs to the severe 

and to the mild cases. 
; The mean content of the inorganic phosphorus in serum of 162 rachitic 
children in Tohoku District was 3.70 mg/dl and the alkaline phosphatase values 
of 161 rachitic children averaged 21.82 units. The former value is markedly 
lower than that of normal children, while the latter is on a remarkably higher 
level than in normal children in the same region. 

As is shown in Table 122 and 123, in 101 severe rickets the inorganic phos- 
phorus content averaged 3.39-+-0.14 mg/dl and the alkaline phosphatase value in 
serum gave an average of 24.68-++1.30 units, while in mild rickets the inorganic 
phosphorus content in serum averaged 4.21--0.09 mg/dl in 61 subjects, and the 
serum alkaline phosphatase averaged 16.63--0.93 units in 60 cases. Thus, the 
change in the serum alkaline phosphatase values, in particular, showed a good 
parallelism with the severity of the roentgenographic and clinical findings of 
the rachitic symptoms (Fig. 123, 124). 





Tas_eE 122. Serum Inorganic Phosphorus Tasie 123. Serum Alkaline Phosphatase 

in Rachitic Children in Rachitic Children 
Rickets No. Range Average Rickets No. | Range | Average 

cases : cases 

Light | 40 | 6.18—3.31 | 4.17+0.21 Light 39 = 22.13— 8.99} 17.14+1.18 

: a 21 5.43—3.26 | 4.42+0.25 Fi na 21) | 20.81—10.11| 15.68+ 1.37 

emia 4.21 +0.09 | 60 | | 16,630.93 

23 | 5.69-—2.22 | 3.21+0.31 23 | 38.86—20.81 | 28.76- 1.84 

Severe 27 | 4.70—2.00 | 3.3140.27 Severe | 26 |41.40—16.53)| 26.39+42.43 

rickets | 51 | 4.99—2.00 | 3.58+0.17 rickets 52 | 40°20— 9.52| 21.94+ 1.67 

101 | 3.394-0.14 (101 | | 24.684-1.30 


Total | 162 6.18—2.00 3.70 Total | 161 |41.40— 8.99} 21.82 











= a ae 


7 
3 


7 
0 





Serum Inorganic Phosphorus and Serum Alkaline Phosphatase in Children 




















pt 


Fig. 82. Distribution of 
serum inorganic phosphorus 
contents in severe and light 
rickets observed by age ; == 
average in severe rickets, - - - 

° average in light rickets, -—-=- 


average in normal subjects. 


Fig. 83. Distribution of 
serum alkaline phosphatase 
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values in severe and light 
rickets observed by age ; === 
average in severe rickets, --- 
average in light rickets, -—-— 


average in normal subjects. 


In 35 dystrophic children, 
the inorganic phosphorus 
averaged 5.03+-0.29 mg/dl, 
ranging from 6.21 to 3.43 
mg/dl, and the alkaline 
phosphatase averaged 9,14 
+0.87 units with a range 
from 16.10 to 6.20 units 
(Tab. 124). Nodifference by 
severity was observable both 
in the phosphorus content 
and the phosphatase values, 
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and the former value was 


not different from that of 


normal children, but the latter was slightly higher than the same of normal 


children in the same district. 


Tasie 124. Serum Inorganic Phosphorus and Serum Alkaline 
Phosphatase in Dystrophy 


Serum Inorganic Phosphorus 


Serum Alkaline Phosphatase 








=! 
Dystrophy | No. | 


omen Range | Average Dystrophy haa | Range Average 
Light | Light 
dystrophy 13 | 6.21—3.80 | 5.10+0.48 dystrophy 13 | 11.29—-6.20 | 9.07 +0.82 
Severe Severe | | 
dystrophy | 22 | 6.21—3.43 | 4.99 + 0.38 dystrophy 22 | ues 9.19+ 1.76 
Total 35 | 5.03+40.29 Total 35 9.14-+0.87 


When the relation between rickets and nutrition was observed, as in Tab. 
125, these values showed no difference whether the rachitic subjects were also 
dystrophic or not, but the severity of rickets had a decided influence, the severely 














174 H. Suzuki 


Taste 125. Serum Inorganic Phosphorus and Serum Alkaline 
Phosphatase in Rickets Classified by Nutrition 





Serum Inorganic Phosphorus Serum Alkaline Phosphatase 
. No. | , ; No. 
Rickets E Range Average Rickets Range | Average 
| cases cases 





Light | 17 5,843.35 | 4.4040.28 Light | 17 | 1990— 9.95| 16.40+1.78 


rickets | rickets 
Severe | ae — , Severe , | 
stein | 19 4.51—2.60 | 3.45+0.31 ciiieets 19 31-20-1084 | 22.58+2.96 


: | ccalasl | 
Light 91 22.36— 6.63 16.70+ 1.92 


Light 9;  5.10—3.26 | 3.98-+0.24 


Dystrophic | Eutrophic 


Dystrophic | Eutrophic 


rickets rickets | 
Severe “ er ; Severe | 
siatite 46 5.69—2.00 | 3.38+0.23 sisieie 46 41.40— 9.92 24.732.07 


rachitic cases, either dystrophic or not, showing more notable lowering of the 
serum phosphorus content and rise of the phosphatase value. 

Concerning the change of these values accompanying the progress of various 
therapeutic methods, my data are summarized in Tab. 126 and Fig. 84, 85, 86, and 
87. These have demonstrated that the heightened serum alkaline phosphatase 
value begins to lower prior to any improvement noted in X-ray examination, 
and unlike the inorganic phosphorus content that rises to the normal level in 
a comparatively early stage, goes on faithfully reflecting the progress of recovery, 
but stays at a somewhat higher than normal value even after the complete dis- 
appearance of rachitic symptoms on roentgenograms, to return to the normal 
state at the latest, even as the rosary faded most tardily. 
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Fig. 84. Changes of serum inorganic phosphorus contents in rachitic children 
following citiric acid therapy. 
Fig. 85. Changes of serum alkaline phosphatase values in rachitic children 


following citric acid therapy. 
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Fig. 86 
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Fig. 86. Changes of serum inorganic phosphorus 


contents in rachitic children following combined 
therapy of vitamin Dg and citric acid. 


Fig. 87. Changes of serum alkaline phosphatase 


values in rachitic children following combined therapy 
of vitamin Dg and citric acid. 


3. The change of these 
values following oral ad- 
ministration of phosphate 


In 31 times in total, 
sodium biphosphate was 
orally given to 17 rachitic 
and 4 normal control chil- 
dren, and the change of 
the serum inorganic phos- 
phorus and the alkaline 
phosphatase in them was 
followed up, at the same 
time observing their tetany 
symptoms and electrical hy- 
perexcitability. Concern- 
ing the electrical hyperex- 
citability, when the C.O.C. 
(cathode opening contrac- 
tion) occured at less than 
5 mA, the electrical ex- 
citability was regarded to 
be hypersensitive. 

Following the administ- 
ration, all the cases showed 
marked rise of serum in- 
organic &phosphorus_ con- 
tent in 1 to 3 hours, but 
in 24 hours, the content 
fell to the original value 
This dif- 


erences between the initial 


in most cases. 


values and the highest 
content after 1 or 3 hours 
were regarded as the alti- 
tude of increase and were 
compared between follow- 
ing various groups. 

As the results were dem- 
onstrated in Tab. 127, in 
the children with tetanic 





attacks the average rise of the serum inorganic phosphorus was the highest of 
4.83+1.26 mg/dl, then in the group with only electrical hyperexcitability, the 
rising degree averaged 4.36-+0.83 mg/dl and in the subjects without electrical 
excitability was the average of the rising degree the lowest of 4.13-+0.97 mg/dl. 
Between these three groups, however, no difference was statistically significant 
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Tase 126. Changes of Serum Inorganic Phosphorus and Serum Alkaline 
Phosphatase Accompanying the Progress of Various Therapeutic Methods 
7 Date of X-ra Serum P | Serum 
No. | expriment salting (mg/d!) | Alk. Pt. Treatment 
22/VIII rm 3.28 25.98  13/IX VD, 600,000 I.U. (im) 
2/1X 3.81 25.98 17/IX VD, 1,200,000 I.U. (i.m.) 
16/IX 3.77 25.12 Since 15/I[X 8.526 Ca. gluconate, per os, 
30/[X + 4.25 19.66 10 cc subcutaneously injected 
1 14/X +4 4.95 19.88 Since 4/XI Ca. gluconate was administer- 
E.T. | 28/X 4.50 19.43 ed per os, 2.0g pro die 
9g | 11/XI 4.53 12.11 Since 12/XI citric acid was administered 
1—5 | 25/XI 4.88 11.42 orally 0.2 per kg per day 
9/XII 5.02 9.31 Since 10/XII up to 1/I VD, was ad- 
23/XII H+ 4.79 10.06 ministred orally 100,000 I.U. every 2 
6/I ne 5.21 9.31 days 
20/I “a. 5.32 9.61 
18/IX 1.93 36.85 | 18/IX VD, 1,200,000 I.U. (i.m.) 
2/X 2.35 38.50 From 23/X to 18/XI citric acid, per os, 
2 23/X 3.16 31.89 0.2 g per kg pro die 
HF. 9/XII its 3.21 20.61 | 29/XII, 5/I, 12/1, 16/1 VD, 1,200,000 I.U. 
Q | 29/XII 3.34 18.36 | Since 12/I citric acid, per os, 0.2g per 
13—7 | 12/I 3.89 15.88 kg pro die 
| 26/I os 4.89 14.51 
| 24/II es 4.55 13.58 
3/IX 4. 3.12 31.04 | 
21/1X 4h 3.74 98.60 | 13/XI, 27/XI, 11/X, 23/X VD, 100,000 
3 13/X rts 4.26 18.21 I.U. (i.m.) 
K.K. 1/XI wT! 4.17 15.02 
9 | 14/XI 4.13 17.12 
1—4 | 28/XI £. 4.16 15.00 
17/X11 + 5.33 14.18 | 10/XII VD, 50,000 1.U. (i.m.) 
5/III as 5.19 6.82 
4 28/1X rs 3.70 93.99 
H.C. | 12/X 44 5.27 15.12 28/IX VD, 1,200,000 I.U. (i.m.) 
2 | 26/X + 4.81 10.92 
2—5 8/XII us 4.89 9.63 
20/VIII aH 3.60 31.42 
5 2/IX Ht 3.29 27.61 
TA, | 18/IX HH 3.50 9599 | 18/IX VD, 1,200,000 I.U. (i.m.) 
ve c 
; 2/X 4.19 20.52 
97 | 16/X 6.25 17.16 
is 29/X a 5.61 14.39 Since 23/X Ca. gluconate, per os, 2.0g 
12/X1 + 5.26 15.20 | pro die 
15/VII ir 4.43 26.42 | 
6 21/VII 4.49 25.81 Since 21/VII up to 9/VIII VD, per os, 
HM. 20/VII Hh 5.37 21.69 50,000 I.U. pro die 
S “| 16/VITI 4 4.91 18.72 
"el 10/1X rie 5.03 16.40 
12/X ie 4.81 14.52 
19/XI + 4.49 13.68 
7 28/1X +h 3.50 24.09 Since 28/IX VD., per os, 50,000 I.U. 
To,| 19x H 4.68 15.65 pro die 
2 "| 26/X +4 4.69 14.05 
os | 12/XI + 4.99 12.68 
3/XII te 5.12 10.01 
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| 11/XI Ht 3.75 29.68 
8 | 29/XI1 4.25 20.17 
Y.O.| 5/XII + 4.38 18.66 
@ | 1 | - 4.49 16.51 | From 14/I to 28/I VD, 50,000 I.U. per 
1—5 | 28/I - 4.38 12.01 os, pro die 
3/II 5.19 10.75 
ate|, 2a Ht 3.32 20.23 | Since 3/II citric acid, per os, 0.2g per 
3 “| 16/11 a 3.42 15.12 kg pro die 
09 | 241 + 3.46 15.16 
10 28/I +h 3.22 21.06 Since 29/I citric acid, per os, 0.2 g per 
TF 11/11 tr 4.40 25.65 kg pro die 
2 * | 25/11 +t 4.93 23.44 | 26/I1 VD, 600,000 I.U. (i.m.) 
oni | 12/U 4.57 20.81 
31/TIT | +h 4.74 17.99 
11 | 12/1 Hh 4.29 | 24.15 Since 12/I citric acid, per os, 0.2g per 
KK. | 29/T +t 4.23 20.50 | kg pro die 
| 10/II +H 4.58 18.30 | Since 19/I VD, per os, 500,000 I.U. pro 
1-9 | 29/TI 4.42 16.91 die 
| 19/111 ae 4°50 16.02 
v2 | xm | 6+) (| (887 16.09 
5 : 3/1 4.35 14.89 Since 3/I AT. per os, 9 drops pro die 
oz | 16 - 4.69 9.25 


In the rachitic children also, the severest group proved the highest average 
of the rise of phosphorus level, 4.74--1.25 mg/dl, then in the mild rickets the 
rising degree averaged 4.70-+0.87 mg/dl, and in the non-rachitic children the 
rise of phosphorus level was lowest, with an average of 3.87+-0.77 mg/dl. The 
differences, however, between these values obtained by severity of rickets were 
not statistically significant. 

A change in the quantity of the administered phosphate had no influence 
on the rise of the above value. 

It could not be shown that there existed any shortening of the process of 
the rise in phosphorus content in rachitic children. 

No definite tendency was noted in the change of the serum alkaline phos- 


phatase values. 


DiIscussION 


From the results of this investigation, as stated by Bullock (1930), the 
inorganic phosphorus content of the serum increased during the first half of the 
first year of life, reaching its highest peak at the sixth or seventh month. From 
this point the serum phosphorus decreased gradually with various slight fluctu- 
ations, but during childhood the phosphorus content remained constant. The 
alkaline phosphatase value in serum, as stated before by various authors, was 
also highest at the first year of life, and after that there was a tendency to de- 
crease gradually. The inorganic phosphorus content and the alkaline phos- 
phatase value in serum seemed to have relation with the rate of growth. 

In rachitic children, as stated by some authors, the inorganic phosphorus 
content in serum was lower and the serum alkaline phosphatase value was higher 
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than in normal children. As shown in the progress of recovery too, the alkaline 
phosphatase level seemed to reflect faithfully the severity of rickets. 

Concerning the relation between rickets and nutrition, these mean values 
showed no difference whether the rachitic subjects were also dystrophic or not, 
but the severity of rickets had a decided influence on these values. The dis- 
tribution of these values, however, illustrated that in dystrophic rickets the low 
phosphorus content and the high phosphatase value were more remarkable 
(Tab. 128, 129). 


TaBLe 128. Distribution of Serum Phosphorus in Rachitic and Dystrophic Children 





=. T ] 


mg/dl 2-3 3—4 4—5 5—6 6—7 | Total 
Severe 4 9 0 0 0 19 
distin, rickets | (21.05 24) | (47.37 22) | (31.58 9% (3.45) 
‘once ** ‘ 6 | 7 7 17 
| rickets (35.29 22) | (41.80 22) | (23.53 22) | (4.42) 
| 
| Severe 13 2 | WW 7 or 46 
rickets | (28.26 2%) | (45.65 24) | (22.48 2%) | (2.04 9% (3.38) 
Dystrophic | : | ; 
| Light 0 9 10 : 0 21 
rickets (42.86 24) | (47.62 22) | (19.52 22) (3.98) 
' 
Severe 0 4 8 8 | 2 22 
; __ | rickets (18.18 24) | (36.36 22) | (36.36 24)' (9.09 2)| (4.99) 
Non rachitic Light . 9 | 9 7 9 13 
rickets (15.38 22) | (15.38 24) | (53.85 2) | (15.38 22) (5.10) 
. ‘ 35 69 3 107 
Normal children 9 0 (32.71 92) (64.49 92) (2.8026), (5.21) 


TABLE 129. Distribution of Serum Alkaline Phosphatase in Rachitic 


and Dystrophic Children 





amen —5 5—10 | 10-15 | 15—20 | 20 (anit) 
Severe 0 0 3 2 14 19 
rickets (15.79 24) (10.53 2) | (73.68 24); (22.58) 
Eutrophic | Light | 3 12 = 17 | 
rickets (5.88 2%) (17.64 22) , (70.59 26)} (5.88 24) (16.40) 
| Severe 0 l I 12 32 46 
_ | rickets (2.17 24) | (2.17 22)| (26.09 24) | (69.57 22)! (24.73) 
Dystrophic Light ; ' 4 9 -" 21 
rickets (4.76 2) | (18.57 22) | (42.86 24) | (33.33 22)! (16.70) 
| Severe 0 15 t . | 0 22 
rickets (68.18 22) | (18.18 22) | (13.64 24) (9.19) 
Non rachitic | ; ; 13 
“| Light 9 sy ‘ ‘ 13° 
rickets (69.23 2) | (30.77 2%) (9.07) 
19 57 6 0 0 84 


Normal children (22.62 2) (70.249) | (7.14 2) (6.71) 
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The change of the inorganic phosphorus content in serum following ad- 
ministration of phosphates was reported by Warkany (1928). He stated that 
the phosphorus level in rickets rose less than in normal cases following adminis- 
tration of phosphates. From the results of this investigation, however, the 
rachitic children showed a higher rise of this value than in normal children 
in average, the severer the disease, the higher the rise. 

Concerning the relation between the tetanic symptoms and the rise of the 
phosphorus level, the children with tetanic attacks showed the highest rise in 
average. 

These results seemed to show that rachitic children are labile in the control 
of mineral metabolism. 


SUMMARY 


1. The variations of the serum inorganic phosphorus content aud the 
serum alkaline phosphatase value in children in Tohoku District during the 
different age periods were verified. 

The values were the highest at the first year of life, then decreased gradually 
with various slight fluctuation and reached the lower and stabler values in 
adults. 

No difference by sex was found in these two values in average. 

These values were highest in summer. The inorganic phosphorus was 
lowest in winter, while the alkaline phosphoatase was the minimum in spring. 

2. In the rachitic children, the phosphorus content was lower and the 
alkaline phosphatase value was remarkably higher than in normal children. 
These values showed no difference whether the rachitic subjects were also dystro- 
phic or not. 

On effective treatment, the heightened serum alkaline phosphatase value 
on rahitic children began to lower prior to any improvement noted in X-ray 
examination and this phosphatase value showed to faithfully reflect the pro- 
gress of recovery. 

3. Following administration of phosphate, the rachitic children showed 
a higher rise of the serum phosphorus level than in normal children in average. 
The children with tetanjc attacks showed the highest rise. 
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Phosphorus Metabolism in Young normal and 
Rachitic Rats, as Indicated by 
Radioactive Isotope 


‘I, Radioactive Phosphorus Metabolism in Young Normal Rats 


INTRODUCTION 


Radioactive isotopes as indicators in biological investigations were first 
used by Hevesy?).”)3) in 1923, and Chievitz and Hevesy*)) were the first to 
use P!! isotope in studies of phosphorus metabolism of rats (1935). With the 
invention of the cyclotron by Lawrence® and Livingston in 1937, and especially 
the invention of atomic pile in U.S.A. during the second War, studies of phos- 
phorus metabolism, which had been rather difficult prior to 193578, have 
been made easy, and many works®-!% have been published thereafter. Since 
September 1950, P®? was imported to Japan through the kindness of A.E.C. 
Since then I have been studying radioactive phosphorus metabolism in several 
groups of rachitic albino rats fed on different rachitogenic diet. In this report, 
the distribution, absorption and excretion of radiophosphorus in normal young 
tats are examined. 


Methods 


The healthy animals used were albino rats weighing 65 to 85 gm 
(average 73.8 gm), about 7 weeks of age. Each animal was made to fast 4 
hours before they were given the dose of radioactive phosphate. Immediately 
after the administration of the phosphate the rats were given access to food. 
They were fed on boiled rice, wheat, bran, fish powder and water ad libitum 
throughout the experiments. 26 animals were each administered orally by 
stomach tube and 21 animals were injected subcutaneously into the back with 
0.1 wc of P82 per gm. of body weight, about 0.5-1 mg of total phosphorus as 
NasHP?2O, solution (pH 6.8-7.0). Each administered animal was kept in a 
separate cage over a urine-feces separator. These animals were sacrified by 
decapitation under chloroform anesthesia, 5, 10, 15, 20, 30, 50, 70, 100 hours 
after dosing, followed by the dissection of the tissues to be examined. Samples 
of bones were taken from femurs plus tibia of both sides, and muscles from 
gastrocunemius. ‘These tissues, urine, feces and blood were then weighed and 
ashed in an electric oven with Mg(NOsz). at 500°C overnight. The ashes were 
dissolved in conc. HCL, and 2-3 cc. of 0.1 mol KH,PO, solution were added 
as carrier.° Then, 2cc. of mixed magnesium solution* was added and alka- 


Keishi Miyamoto, M. D. (Department of Pediatrics, Tohoku University Medical School, 
Sendai, Japan. Director: Prof. Tamotsu Sano) 

* Preparation of mixed magnesium solution: 50g of MgCL»-6H,O, 100g of NH,Cl 
are dissolved in water. After 2—3 days the solution is filtered and dil. HCl and water are added 
to 1,000 cc. to be pH 5-6. 
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linized with 20 per cent ammonium solution as the indicator of phenolphtalein, 
More than 30 minutes later, the precipitated MgNH,PO,:6H.O was filtered 
under negative pressure through filter paper in a boulter which was especially 
made of an alminum cap coated with Al,O; (diameter 21 mm, depth 8 mn), 
This precaution kept the error due to self-absorption of B-rays at a low and nearly 
constant level, for the thickness of the measured dry precipitant was a fraction 
of a mm, 

Radioactivity was measured by means of a Lauritsen electroscope was ex- 
pressed in terms of the percentage of radioactivity of the administered radio- 
phosphate, per grm of fresh tissue or per cc. of whole blood. 

Fundamental Experiment with Lauritsen electroscope.?!):2?) 

The net count “ Nnet”’ is calculated from the equation : 

Nnt = Ns — No+Ns + No, 
where ig =counts of the sample, 
No=background (natural counts). 

The background is sharply influenced by the weather. The mean value 
in September was 0.06 D/M on a fine day and the largest on a rainy day reached 
0.26 D/M. The value of radioactivity on the same dose of NagHP*2O* measured 
by three different methods are shown in Fig. 88. 

Line I shows the results obtained from the dried mass in aliquots of the Na; 
HPO, solution in the cap. Line II shows the results obtained from dried 
filter paper soaked in the same solution. Line III is obtained from dried 
precipitation as magnesium phosphate as given above. All the lines are straight 
within the limit of experimental errors.®) The results were several organs 
with the same dosis of radioactive phosphorus (as sodium phosphate) were 
ashed and measured as magnesium ammonium phosphate are shown in Table 
130. The reappearance rate was very excellent. 

Taste 130. Reappearance Rates 


of Radioactive Phosphorus 
in Several Organs 


Orsan “%, | mean | % 


3.16 |100 





Gor G08 os Bice 
Na; HP™0, 

Fig. 88. Relation between 
Lauritsen electroscope cal- 
culation and volume of 
Na,HP*O, solution. 

3.12 





The relation between self-absorption and the volume of the carrier (KHr 
PO,) is shown in Fig. 89. The influence of self-absorption can be neglected 
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Fig. 89. Relation between Lauritsen electroscope calculation and volume 
of carrier. 

Fig. 90. °%% of radio-P administered, per Gm of tissue (per cc of whole 
blood). 


Fig. 91. °%, of radio-P administered, per Gm of tissue. 
Fig. 92. °% of radio-P administered, per Gm of calcified tissue. 


within 6 milli mol in a filter plate. In case the material contains high percentage 
of phosphorus and the influence of self-absorption becomes significant, the pre- 
cipitation is divided among several plates and the amount of each plate is 
measured. 


Results and Comment 


Distribution: The data are expressed graphically in Figs. 90, 91 and 92. 
Group A was administered to by infection and Group B orally by stomach tube. 

Blood: The radioactive phosphorus in the blood reaches a maximum of 
0.3 per cent in Group A, 0.25 per cent in Group B in 5 hours and decreases to 


half of the maximum in 20 hours, then slowly to about 0.1 per cent in 100 hours. 
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There is no difference between the amount of total phosphorous in the blood 
of the rats given 4-9 mg of Na,HP*O, and that of the controls, as shown by 
M. Lef. Manly.!® 

Liver: Among the viscera, the liver takes up the largest fraction of ab- 
sorbed phosphorus. Both groups reach 1.5-2 per cent in 5 hours, followed 
by a sharp drop in 15-20 hours. The retention in the whole tissue is about 
3-4 times, as the liver weighs 3-4 grams. The very small portion due to the 
blood in the liver is to be neglected, as the blood has only a negligible retention, 
Perlman, Ruben, and Chaikoff!?) have reported that over half of the phospho- 
rus in the liver in the first 6 hours is in the form of a newly synthesized phos- 
pholipid. 

Spleen: The results are similar to those of the liver. The retention in 
the whole tissue is about one-third. 

Kidneys: A maximum of |]-—1.5 per cent is reached in 5 hours, which de- 
creases to half in 20 hours, and slowly decreases thereafter. The fall is not so 
rapid as that of the urinary excretion, as shown by Cohn and Greenberg. 

Intestine: The intestine in this experiment was divided into three portions : 
the duodenal region (I) about 7-8 cm from pylorus, the small intestine (II) 
and the large intestine (III), and in these the contents were washed off. It 
was of interest that, in the retention of phosphorus by the two types of ad- 
ministration, there was merely a slight statistical difference only in the small 
intestine even wihin 5 hours after administration. Among the three portions 
the duodenal region had the largest accumulation of radioactive phosphorus 
throughout the experiments. In the intestine, as in the liver, a large part of 
radiophosphorus is in the form of phospholipid, as shown in Perlman’s reports. 

Muscle: A considerable portion of absorbed phosphorus is taken up by 
the muscle as it occupies 43 per cent of body weight. In 5 hours the injected 
group had a little higher accumulation than the stomach tube group, but after 
that both had the same. ‘There is no sharp fall as shown in other tissues. The 
amount in both groups diminishes slowly to about 0.27 per cent or 8.5 per cent 
in the whole tissue in 4 days. 

Bone: Of course, the bones have the greatest connection with phosphorus 
metabolism, and the largest part of the phosphorus here is inorganic. The 
radioactive phosphorus in the bones of both groups rises to 7 per cent in the 
epiphyses, 4 per cent in the diaphyses in 5 hours, and then it does not fall sharply 
as in other tissues, as it comes down slowly to 7.4 per cent in the epiphyses and 
to 5 per cent in the diaphyses in 30 hours. Fig. 5 hsows the fact. That the 
deposition in epiphyses is rapider and higher than in diaphysis. This is also 
clearly shown in the radioautographs.”),°6),27) The value in epiphyses is about 
1.8 times that in diaphyses. 

It is certain that radioactive phosphorus to be found in organic phosphoric 
compunds in the tissues in rats administered with radioactive inorganic phosphate 
is newly derived from inorganic phosphate, but in the inorganic phosphate a 
calcium phosphate in the bone ionic exchange with inorganic phosphate ions 
in the body fluid occurs easily. Hence, an immediate and rapid deposition of 
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radioactive phoaphorus in the blood takes place in the bone. It .was equally) 
shown in the previous reports that the deposition is the rapidest in the spongy 
parts of the bone. The conclusion is of interest, because the calcifying process 
of boneses physiologically composed of two portions, the liable part and the 
stable part, as shown by the experiments using radioactive phosphorus in rats 
by R.S. Manly, J. L. Hodge and M. L. Manly."),1© 

Absorption and Excretion: ‘The percentage absorbed is calculated from 
the difference between the radioactivity of the content of the intestine of injected 
rats and that of orally administered rats. But as it was technically very hard 
to collect all contents from the intestine, in my study the intestine and the con- 
tents of the three parts were ashed together and measured in the same way as 
shown previously. The data in the paren- 
theses is the percentage of radioactive phos- 
phorus per gram of tissue. In the data per 


Taste 131. 2% of Radio-P Ad- 
ministered, in the Intestine with 
Contents (per gram of tissue in 

Feces and Urine gram, thereis a difference statistically only in 
~ mies the duodenal region between the injected 
ap, Injection |Sromch tue|{ Injection [Steer tube) group andthe stomach tube 5 hours after the 


JO6S 19 10.98 (0.98)0.90(0,82 ° 8 . T . : a. 
ee sels is Cet et) d administration. There is no difference in 30 















‘odenal 
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that the major part of the radioactive phos- 
phorus is excreted in 30 hours in this portion. I was able to measure a high 
radioactivity in the contents of the blind gut of the rat that unexpectedly died 
2 hours after the administration. 


SUMMARY 


1. The percentage of the marked phosphorus administered in several 
tissues of healthy young rats has been determined 5 hours to 100 hours after 
its administration by stomach tube or injection of NagHPO, containing radio- 
active phosphorus. 

2. Absorption of Na,HP®2O, was almost finished within 5 hours, Ex- 
cretion was rapidest in the first 2 hours in the blind gut. 

3. The percentage of radioactive phosphorus per gram of the fresh tissues 
which were examined was in the following decreasing order: epiphysis, liver, 
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spleen, kidney, duodenal intestine, small intestine, large intestine, muscle and 
blood. All showed rapid uptake in the first 5 hours. 

4. There were no apparent difference in the test results between the in- 
jected group and the group orally administered by stomach tube. 


REFERENCES 


1) Hevesy, Biochem. J., 1923, 17, 439. 2) Christiansen, Hevesy, & Lombolt, Compt. 
rend. aca. Sci. (Paris), 1924, 178, 1324. 3) Christiansen, Hevesy, & Lombolt, Compt" 
rend. aca. Sci. (Paris), 1924, 179, 291. 4) Christz & Hevesy, Nature, 1935, 136, 754 
5) Hevesy & Hofer, Z. Physiol. Chem., 1934, 225, 28. 6) Lawrence, Nature, 1940, 
145, 125. 7) Bergeim, J. Biol. Chem., 1920, 70, 51. 8) Cowell, Biochem. J., 1937, 
31, 848. 9) Dols, Jansen, Sizoo & Veries, Nature, 1937, 139, 1068. 10) Dols, Jansen, 
Sizoo & Maas, Nature, 1938, 142, 953. 11) Dols, Jansen, Sizoo & Veries, Proc. of 
Roy. Acad. Amsterdam (Sci.), 1937, 40, (2), 547. 12) Dols, Jansen, Sizoo & Maas, 
Proc. of Roy. Acad. Amsterdam (Sci.) 1939, 42, (2), 449. 13) Cohn, Greenberg, J. 
Biol. Chem., 1938, 123, 185. 14) Manly, Bale, J. Biol. Chem., 1939, 129, 125. 15) 
Astom, Sarzana, Perrih, Santangele & Segre, Nature, 1937, 139, 836. 16) Manly, 
Harold, Hodge & Manly, J. Biol. Chem., 1940, 134,293. 17) Perlman, Ruben, Chaikoff, 
J. Biol. Chem., 1937-38, 122, 169. 18) Dols, Jansen, Sizoo & Baredregt, Nature, 
1938, 141, 77. 19) John, Benner, The Influence of Age on the Uptake of Radioactive 
phosphorus by the skeleton. U.S.A.E.C. AECD 1969. 20) Kikuchi, Wakizaka, Aka- 
shi etc., Saishin Igaku, 1951, 6, 823. (Jap.) 21) Yoshimura, Saishin Igaku 1951, 6, 
850. (Jap.) 22) Hamada, Nakanishi & Kobayashi, Nisshin Igaku 1951, 38, 6. (Jap.) 
23) Ishiwara, Saishin Igaku 1950, 5, 751. (Jap.) 24) King, Biochem. J., 1932, 26, 
272. 25) Hahn & Hevesy, Biochem. J., 1937, 31, 1205. 26) Sieffert, Robert, Science, 
1949, 108, 445. 27) Neuman, & Mulrean, J. Biol. Chem., 1948, 175, 705. 


II. Radioactive Phosphorus Metabolism in Rachitic Rats by Various 
Rachitogenic Diets and the Influence of Vitamin D 


Since the beginning of this century many rachitogenic diets! for albino 
rats have been reported. Since the invention of radioactive isotope, quanti- 
tative data on radioactive phosphate deposition and turnover in rachitic rats 
have become valuable because of the following uses: as a proof on the mecha- 
nism and the rates of calcification, and as a standard of comparison with vari- 
ations produced by rickets, or the effect of vitamin D. But, the past re- 
ports”), 3),4),5),6) are not always in agreement with one another. For example, 
Dols and his associates*)»5).6 have found no difference between normal and 
rachitic rats and rats treated with vitamin D in radioactive phosphorus depo- 
sition. Using rachitic chicks, they found that the phosphorus metabolism of 
the bone and the liver is more intense than that of normal birds. Recently, 
Feaster, etc.,7) reported that there is no difference between the phosphorus 
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metabolism of rats with vitamin D deficiency and that of the controls, and the 
deposition of the radioactive phosphorus in the bones of low phosphorus rachitic 
rats is lower and that in the soft tissues is higher than that of the controls. 
In our clinic, directed by Professor T. Sano, many experiments have been 
performed for the experimental rickets of albino rats by various diets. I report 
here the metabolism of the radioactive phosphorus in rats by several groups. 


Methods 


Rachitogenic Diet. In this study, five kinds of rachitogenic diets were 
used, as shown in Table 132. Group I was given a diet of modified Steenbock 
and Black, No. 2965, to which dried yeast was added instead of various pure 
vitamin crystals. With Group II purified casein milk (Wako Junyaku Co.) 
was used as an excellent protein in place of ground gluten in Group I. In 
Group III a salt mixture was added to the diet for Group II. As carbohydrate 
the same whole yellow maize was used. With Group IV, V, Awa (a kind of 
Japaese millet) and Hie 


TasLe 132. Rachitogenic Diet : : 
(another kind of Japanese 





Group No. Diet millet) were respectively 
; e ~ used in place of whole yellow 
Whole yellow maize, ground 74.0 g sha . ie 
Group |. Ground guten 20.0g maize, and half of casein 
Ca:P—_10:1 Calcium carbonate 3.75 g and salt mixture given to 
; : Sodium chloride 15g G III 
Dried yeast 10¢ sits , 
Animals. The rats used 
Whole yellow maize, ground 74.0 g were bred for about 4 weeks 
G II Casein purified (Wako Co. Japan) 20.0g . : . 
C 0 }:1 Calcium carbonate 3.75 ¢ after birth with their mothers 
= Sodium chloride 10g in the same box in a light 
Dried yeast 10¢g 1 
room. Then, they were 
Whole yellow maize, ground yf placed in a separate cage 
Group 111 | Casein purified (Wako Co. Japan) 222.5 5g over a urine-feces separator 
Ca: stad 5:1 Calcium carbonate 30.0 g . a 
a:P=4.5:1 con mixture* 20.0¢ in a room shut off from 
Dried yeast 40.0g light and fed on 10-15 gram 
Awa** 358.0 2 daily of one of the fore- 
G iv __ Casein, purified (Wako Co. Japan) 55.75g going rachitogenic diets for 
C P4 3. ] Calcium carbonate 15.0 ¢g about 2-3 weeks 
ark = 9:1 Salt mixture* 10.0 g : ee 
Dried yeast 20.0 g Group I consisted of 25 
rats (weighing from 34-59 
Hie** 358.8 g en ve 41 om). Grou 
Gr Vv Casein, purified (Wako Co. Japan) 55.75g 8) av erage 5S'*)s wn P 
Ca-P_ 44:1 Calcium carbonate 150g II of 20 rats (41-63 gm, 
“*- | Salt mixture 10.0 g 


20.0¢ average 50.1 gm), Group III 
of 13 rats (65.5—90 gm, ave- 
rage {80 gm), Group IV of 


Dried yeast 





Magnesium carbonate 28.6 ¢ 
| Potassium iodide 0.62 g Sees 
* Salt mixture? Sodium carbonate 85g 10 rats (53-66 gm, average 
: Potassium chloride 85g 58 gm), and Group V of 10 
Manganese sulfate 0.07 g 
Sodium fluoride 0.24 g rats (60-64 gm, average 63.6 
** A kind of Japanese millet. gm). Besides other 22 rats 
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of Group I were given 1 I.U. per gram of vitamin D (ovoral), dissolved in propy- 
len glycol, by stomach tube at the same time with the administration of the 
radioactive phosphate. The total animals used comprised 99 rats.’ 

After ascertaining the existence of rachitic conditions by X-ray tests of the 
legs 2 weeks after initiating the rats on the rachitogenic diets, each rat was 
given by stomach tube a dose of NasHP**O, solution, as shown in Part I. The 
animals were made to fast for 4 hours before they were given the dose of phos- 
phate, and immediately after the administration of the phosphate they were 
given access to food. In some of them the radioactive phosphate was injected 
subcutaneously into the back to study the rate of absorption from the gut. 

In Groups I, II and III, the rate of the radioactive phosphorus deposition 
in the tissues were measured 5 to 100 hours after dosing in the same manner 
as shown in Part I, and in Group IV and V, that in the calcified tissues and 
urine and feces in 5 and 30 hours after dosing was measured by the same methods 
as in Part I. 


Results 


(A) Nutrition and degree of rickets by the five kinds of rachitogenic diets. 

The subject will be discussed in a report specially prepared by Wako and 
his associates. 

(1) Body weight: In Table 133 the rate of the body weight increase of 
normal young rats in summer is shown and in Table 3 that in winter. Firstly, 
the significance of daily variation in the body weight in each group should be 
examined, in order to confirm statistically the difference between the rate of 
the body weight increase of rats in summer and that in winter. 


The signifi- 











TasBLeE 133, Body Weights in the Healthy Rats (July—Aug.), Birth date: 26/IV 
Date | 28/VII | 31/VII | 3/VIII  6/VIII | 10/VI1I Calculation 
Days| (1) 4 (7) 10 (14) x, 1. X2 | X# |X,X, 
| So Si Se S; —Spo S.—Sp 
1 | 350 | 440 | 585 67.0 | 75.0 24 40 575 | 1600 960 
2 | 318 | 380 | 435 | 440 | 45.0 12 13 144 169 156 
3 | 36.0 | 440 , 530 | 55.0 | 60.5 17 25 289 | 625 425 
5 | 300 , 340 42.0 42.0 44.0 12 14 144 | 196 168 
Total | 65 92 1153 | 2590 | 1709 
Mean} 1635 | 23 | 
Tasie 134. Body Weights in the Healthy Rats (December), Birth date: 4/XI 
Date 7x2} /X | 13/XI 16/XII 20/X11 
| (1) | 5 (7) 10 | (14) 
6 40.0 55.0 59.5 59.0 | 62.0 
7 39.0 51.0 | 59.0 63.0 | 68.0 
8 39.0 | 520 | 620 66.0 | 720 
9 40.0 | 55.0 | 64.0 680 | 75.0 
10 39.0 | 53.0 | 67.0 73.0 86.5 
! | | 
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cance of daily variation in the body weight in each group is examined from the 
following equation : 
Fo = (N—2) (Dao 1? —2D oF Fot+PyrFe")/2Z (A), ceceeccsecceceeceeceecceceeceseeeces (1) 
where  (N=numbers of animals used, 
Dy = Dx?—Na’, 
Po = Lx2?—NZ2”, 
Dyo= LX1X2—NXi2Xe, 
A= Py Poe—P),2”. 

It is concluded from the value of F that the differences in both groups be- 
tween the body weight on the first day of experiments and that in | week, and 
that between the body weight on the first day of experiments and that in 2 
weeks are significant statistically. ‘Thus, the difference between the rate of the 
body weight increase in rats in summer and that in winter are examined from 
the following equation : 

Fo= MEN) Aa BT)? 20 (B—Dr) (Fo—Jo) + Pu (F2—Fo)"},..- (2) 
where (®*”=@,, (for Table 2)+,, (for Table 3), 
P,.*” =D. (for Table 2)+@,. (for Table 3), 
Po” =Po. (for Table 2)+@.. (for Table 3). 

In this case, the difference between the rate of the body weight increase 
in the rats in summer and that in winter is not significant statistically. 

In rats in this group the appetite and the body weight increase were very 
poor and the gloss of skin was very bad. A decrease in the body weight was 
observed in some rats in this group. There are apparent statistical differences 
between the rate of the body weight increase in Table 2 (control in August). 
The rats in this group had better appetite than those in Group I, and there was 
no decrease in the body weight at all. In this group, appetite and nutrition 
were nearly normal. Nutrition was the same as in Group III. Each group 
shows the rate of the body weight increase different from Table 133 (control in 
August) statistically. There are very apparent differences in the body weight 
curve between Group I, Group II and Group III. I think that his differencet 
is mainly due to casein milk and in a lesser degree to salt mixture. The total 
protein volume in the blood serum (by refractometric methods) averaged 
7.98 mg/dl in controls, 6.62 mg/dl in Group I, 8.4 mg/dl in Group II and 
6.84 mg/dl in Group III. Hence, the rats in Group I may be said to have 
suffered from dystrophic rickets, the rats in Group II from hypotrophic 
rickets, and the rats in Groups III, IV, and V from eutrophic or relatively well 
nourished rickets. 

(II) X-ray test: In about 2 weeks after the feeding on rachitogenic diet, 
X-ray photographs of the femurs and the tibia on both sides were examined. 
Some of them were subjected to X-ray photographs again in 3 weeks. In. 
Group I, in spite of the leg bones being made soft so as to be cut easily, X-ray 
tests were not always demonstrative. X-ray tests in Group II were more demon- 
strative. In Group III, there were rats in which the X-ray tests in 2 weeks were 
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Fig. 93. Relation between body weight and Rachitogenic diet (casein). 
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demonstrative, but showed no change in 3 weeks. The majority in Groups 
IV, V showed no change. 

(III) Pathology: The proximal portion of left tibia (in a part of the rats 
used) was fixed with 10% formalin, embedded in paraffin, and the sections were 
stained with hematoxylin-eosin and Van Gieson’s solution and by Kossa’s 
method, if necessary. The degree of pathological changes in rickets was classi- 
fied as follows: (1) High degree (++): Rosary and epiphyseal enlargement are 
very evident, sometimes deformity of the thorax and spontaneous fracture are 
observed. Microscopically, an increase of the width of epiphyseal cartilage 
and a proliferation of osteoid tissue are evident. (2) ‘Second degree (+): 
Rosary, epiphyseal enlargement and histological findings are of second rate. 
(3) Slight degree (+)! Rosary, the enlargement of epiphyseal cartilage, and 
the proliferation of osteoid tissue are slight. (4) Very slight degree (+): 
Rosary and enlargement are very slight or negative but histologically rachitic 
changes are observed. In Group I, rats with rickets of high degree were numer- 
ous. The rats in Group II were of second rate or slight degree. In Group 
III the rats of slight degree were numerous. The greater part in Groups IV 
and V were almost normal. 

(B) Distribution, absorption and excretion of radioactive phosphorus. 

Distribution: Blood. In 3 groups the radioactive phosphorus in the 
blood reaches a maximum in 5 hours as shown in Fig. 94. In Group I the 
value in 5-10 hours is apparently higher than that in the controls, but thereafter 
decreases sharply and equols that of the controls. The radioactive phosphorus 
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in Groups II and III are not apparently different from the controls. 


Liver: 
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There 
is no difference between the amount of radioactive phosphorus in the blood in 
the rats in Group I administered with vitamin D, and that in Group I. 


The values in 5—10 hours after administration show the maximum 
in all groups. In Groups I and II the maximum values are over 2 per cent and 


the decrease is not so sharp as in the controls, and the retention in the liver of 
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both groups is higher than that of the controls throughout the experimental 
period. Again, there are no apparent differences between Group III and the 
controls, and between Group I and the same group administered with vitamin 
D.. Dols had reported that about 30 per cent of radioactive phosphorus in 
the liver was in phospholipid in both control rats and rachitic rats administered 
with radioactive phosphate. 
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Spleen: In Group I and Group II, the values at maximum in 5 hours 
are not different from those of the controls. However, the decrease is not so 
sharp and the retention is higher than in the controls throughout the experimental 
period. In Group III, the retention in the spleen is not apparently different 
from the controls, and the value in 5-10 hours is rather lower. The values in 
the rats administered with vitamin D, are higher than that of Group I in 5 
hours, but after that sharply fall to the level of Group I. 

Kidneys: The values in all group reach the maximum in 5 hours as in 
controls. In Group I the radioactive phosphorus in the kidneys reaches a 
maximum of about 2 per cent in 5 hours and decreases slowly and remains 
higher than in the controls throughout the experimental period. The retention 
in Group III is not apparently different from that in the controls, and that in 
Group II is half way between Group I and Group III. Though the radioactive 
phosphorus in urine in Group I and Group II are apparently lower than that 
of the controls as shown below, the radioactive phosphorus content in the kidneys 
show that the value of radioactive phosphorus in the kidneys has no connection 
with that in urine. There is no difference between the amount of radioactive 
phosphorus in the kidneys of the rats administered with vitamin D, and that 
of Group I. 

Intestine: The results are given in Fig. 95. The intestine was devided 
into three portions, (I.) the doudenal region, (II.) the small intestine and (III.) 
the large intestine as stated in Part I. In Group I the radioactive phosphorus 
in the three portions was 2-3 times that in the controls, especially the difference 
in 5-20 hours being remarkable. As the weight of the intestine in Group I 
is half or one-third of that of-the controls, there is no difference between the 
radioactive phosphorus in the whole tissue of the rats in this group and that of 
the controls. The retention in Group III is not different from that of the 
controls and that in Group II is halfways between Group I and Group III. 
In the rats administered with vitamin De, the data in the duodenal region in 
5-20 hours are higher than that in Group I, but there are no apparent differences 
in the small intestine and the large intestine. 

Muscle: The muscle from gastrocunemius was used as shown in Part I. 
It reaches the maximum in 10-15 hours which is about three times of the controls 
in Group I, which is about twice as much as that in Group II and which is 
about same as that of the controls in Group III. There is no sharp fall shown 
in other tissues. The influence of vitamin D, for Group I is not so distinct. 

Bones: ‘The results are shown in Fig. 96 and Table 135. 

Epiphyses: The radioactive phosphorus in the epiphyses of Group I 
reaches a maximum of 14.4 per cent (2.2 times that of the controls) in the first 
5 hours, thereafter decreases to 1.7 times that of the controls in 20 hours and 
1.3 times that of the controls in 50 hours, remaining higher than that of the 
controls throughout. The deposition in the epiphyses in Group II is slightly 
lower than that in Group I, but remains almost at the same level. There is no 
apparent difference between the amount of radioactive phosphorus in the epi- 
physes of the rats in Group I administered with vitamin D, and that in Group I. 
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Diaphyses: The radioactive phosphorus in the diaphyses of Group I 
reaches 10.8 per cent or 2.6 times that of the centrols in 5 hours, 11.0 per cent 
n 30 hours, and decreases sharply thereafter, but remains over 2 times that 
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TasLe 135. % of Radio-P Administered, Per Gm of Calcified Tissue 
; . ’ : . Group I 
Hours' Bones Cotrol | Group I | Group II Group III} Group IV | Group V 4VD 
6.98 14.75 10.23 7.03 6.60 6.16 13.51 
Epiphyses | 6.97 13.26 10.42 val 7.47 8.23 14.45 
6.34 15.23 5.65 7.52 
Mean 6.76 14.41 10.33 7.07 6.61 7.64 13.98 
5 hrs. |— — : aera Mae 
4.29 10.62 8.44 3.91 3.90 6.29 10.28 
Diaphyses 3.62 10.23 9.41 5.58 4.70 149 10.56 
3.34 11.60 3.71 6.04 
Mean 3.75 10.82 8.93 4.75 4.10 | 6.70 10.42 
5.84 10.46 10.23 5.21 5.76 6.86 12.62 
7.25 11.78 11.43 4.13 3.47 6.80 13.45 
Epiphyses | 7.85 10.88 10.84 3.82 7.36 14.09 
| Bae 15.36 13.51 
13.41 
Mean 6.93 12.12 10.83 4.67 4.35 7.01 13.42 
30 hrs. — a . = — ——— 
5.15 9.24 8.31 2.94 S00 | 5.62 13.50 
| 4.49 10.81 9.71 2.49 | 6.82 11.93 
Diaphyses| 5.22 10.83 7.42 3.42 7.10 11.53 
6.02 13.38 11.60 
12.14 
Mean 5.22 11.07 8.48 2.72 4.17 6.51 12.14 


of the controls throughout the-experimental period. The retention in the dia- 
physes in Group II is slightly lower than in Group I at first, but after 50 hours 
it is very near to that in Group I. There is no apparent difference between 
the data in Group II and that of the controls. Again, the influence of vitamin 
D, in the diaphyses in Group I is not apparent. 

The percentages of radioactive phosphorus, per gram of epiphsyes and 
diaphyses in the rats of the control group (Part I, Group B), Group I, II, II, 
IV and V in 5 and 30 hours are shown in Table 135. The rates of deposition 
of radioactive phosphorus in the epiphyses and the diaphyses in 5 hours are in 
the following order: Group I, Group II, Group II, Group IV, Group V, control 
Group. In the epiphyses, the differences between Group I, II and the control 
are statistically significant, but the differences between Group III, IV, V and 
the controls are not significant. The differences between Group I and Group 
II, and between Group II and Group III are statistically significant. In the 
diaphyses the respective differences between Group I, II, V and the controls 
are all statistically significant, and the difference between Group III, IV and 
the controls are not. The difference between Group II and Group III is signifi- 
cant but that between Group I and Group II is not. The rates of deposition 
of radioactive phosphorus in the epiphyses in 30 hours are in the following order : 
Group I, Group II, Group V the control Group, Group III, Group V. The 
differences between Group I, II, III and IV and the controls are statistically 
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significant, but those between Group V and the controlsare not. The difference 
between Group II and Group III is significant but that between Group I and 
Group II is not. The rates of deposition of radioactive phosphorus in the dia- 
physes in 30 hours are in following order: Group I, Group II, Group V, the 
control group, Group IV, Group III. Each group except Group IV has statisti- 
cally significant differences from the controls. The respective differences be- 
tween Group I and II; between Group II and Group III are also significant. 
There is statistically no differences between the amount of marked phosphorus 
in the epiphyses and diaphyses of the rats administered with vitamin D, and 
that of Group I in 5 and 30 hours. 

Absorption and Excretion: The methods are entirely the same as those 
shown in Part I. The results are given in Table 136. In 5 hours the radioactive 
phosphorus in the intestine with the contents of Group IV and V are measured. 
In the three portions of both groups the radioactive phosphorus per gram of 
tissue in the rats adminisrtered by stomach tube are higher than that by in- 
jection, but there is no statistical difference in each portion. The values in 5 
hours of Group IV are very similar to those of the controls. It is supposed to 
be due to the high accumulation in the intestinal wall that the value of 
Group V is higher than that of the controls. In 30 hours, differences are 
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observable between the value in the rats administered by stomach tube and 
that by injection in the duodenal region in Group I, in the large intestine in 
Group II, and in the duodenal region and small intestine in the rats in 
Group I administered with vitamin D,. However, from these few data the 
existence of unabsorbed radioactive phosphorus cannot be proved conclusively. 
In order to prove the absorption of small quantity of phosphate used in this 
experiments, the values in | or 2 hours after administration had to be studied. 
There is no significant difference between the values in the rats administered 
with vitamin D, and those in Group I. 

The radioactive phosphorus in urine and feces after 5 and 30 hours is shown 
in Table 136. The radioactive phosphorus in feces after 30 hours in Groups I, 
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Tasie 136. ° of Radio-P Administered, in the Intestine 





Group I Group II Group 
Hours 30 hrs. 30 hrs. 5 hrs. 
Administration Injection — Injection er Injection — 
2.32 (2.90) | 2.53 (3.72) | 1.89 (2.10) | 1.69 (2. 40) 0. 52 ( (0.64) 64) 0.90 (1. 13) 
— a 2.54 (2.82) | 2.79 (3.99) 2.04 (2.04) 2.39 (0.72) | 0.36 (0. el 0.46 (0.92) 
— B10 2.26 (2.51) | 3.54 (3.85) 2.05 (2.40) | 
3.78 (2.52) | 2.03 (2.98) 
Mean 2.75 (2.68) 2.75 (3.64) | 1.97 (2.07) 2.04 (2. 41) 0.44 (0.68) 0.68 (I 03) 





6.36 (1.87) 3.89 (2.05) 6.53 (1.39) 5.31 (1.38) 1,62 (0.58) 1.68 (0.60) 
6.11 (1.85) 5.41 (2.30) 5.85 (1.58) 5.27 (1.55) | 1.67 (0.62) | 1.98 (0.69) 
6.98 (1.89) 8.48 (2.39) 5,08 (1.45) 

5.94 (1.80) 7.34 (2.56) 


Small intestine 


Mean 6.35 (1.85) 6.28 (2.33) 6.19 (1.48) 5.22 (1.46) 1.65 (0.60) 1.83 (0.64) 


2.33 (2.03) 2.85 (2.48) 1.84 (1.08) 1.51 (1.4) 1.13 (0.49) 0.90 (0.50) 
’ aa 2.45 (1.96) 2.32 (2.58) 1.62 (1.36) 2-26 (1.98) 0.78 (0.41) | 0.88 (0°45) 
Large intestine 2.31 (1.85) 3.71 (2.06) 2.09 (1.55) 
3.52 (2.94) | 2.78 (1.85) 
Mean 2.65 (2.19) 2.92 (2.27) 1.73 (1.10) 1.94 (145) 0.96 (0:45) 0.98 (047) 
5.23 7.24 1.35 1.18 
7 3.13 3.28 3.08 2.12 
— 3.24 2.10 2.60 
3.23 3.28 
tia 3.71 3.77 2.22 1.97 0 0 
* " — —— —S_————— 
3.84 2.07 
1.16 0.82 1.17 0.28 0.98 0.96 
Urine 0.19 0.13 0.31 0.27 0 0.50 
0.26 0.28 0.38 0 
0.54 0.41 0.74 0.31 0.49 0.73 
Meau ? 4 
0.47 0.48 0.49 


IV, V is, as shown in Fig. 97, higher than that of the controls. But there are 
no differences between all groups, statistically. The radioactive phosphorus 
in feces in the rats of Group I administered with vitamin D, is lower than that 
of Group I, but not significantly. In the radioactive phosphorus in urine there 
are apparent differences between all groups, that of the controls being the highest. 
There are apparent differences between each group and the control. That 
of Group I and II is very low and the differences between Groups IV and V 
and Groups I and II are significant statistically. The radioactive phosphorus 
in urine of Group I administered with vitamin Dy increases, and the difference 
between that of the rats of Group I administered with vitamin D, and others 
in Group I is significant. 
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with contents (per gram of tissue), in Feces and Urine 





IV Group V Group I+ VD, 
30 hrs. 5 hrs. 30 hrs. 30 hrs. 
—_ Stomach tee Stomach <a Stomach oer Stomach 
| Injection aie Injection par Injection pr Injection oie 


(2.60) 2.58 (3.79) 
(2.87) | 2.62 (3.74) 


0.83 (1.04) | 0.82 (0.72) 28) 1.56) 1.27 (1.27) 0.84 (1.20)! 1.51 
21 ( 1 
5 (2.86) 3.15 (3.93) 


1.03 (1.28) 1.09 ( 1.5 
0.78 (1.12) | 0.77 (0.85) | 1.07 (1.83) 1.04 (1.73) | 1.21 (1.21) | 0.95 (1.19) | 2.0 
0.76 (0.84) 1.16 (1.65) 0.98 (1.22) | 2.1 


0.81 (1.08) | 0.78 (0.84) | 1.05 (1.41) | 1.10 (1.65) | 1.24 (1.24) 0.92 (1.21)| 1.89 (2.81) | 2.78 (3.82) 


2.03 (0.49) 2.95 (0.67) | 4.27 (0.97) | 5.19 (1.18) | 2.32 (0.73) 2.68 (0.70) | 5.24 (1.69) 5.79 (1.87) 
2.13 (0.56) 1.91 (0.49) 4.45 (1.14) 5.82 (1.28) 3.12 (0.80) 2.59 (0.67) | 5.23 (1.54) | 7.14 (2.10) 
2.57 (0.51) 5.25 (1.22) 2.68 (0.68) 5.41 (1.69) 5.62 (2.16) 


2.08 (0.53) 2.47 (0.58) | 4.36 (1.06) 5.75 (1.23) 2.72 (0.77) 2.65 (0.68) | 5.29 (1.64) 6.18 (2.04) 


0.97 (0.46) | 1.12 (0.46) 2.39 (1.03) | 2.88 (1.25) 1.49 (0.61) 2.15 (0.80) 1.38 (1.62) 1.75 (1.59) 
0.98 (0.50) | 0.99 (0.55) | 2.20 (0.88) 2.98 (1.42) 1.27 (0.54) 1.91 (0.76) 2.49 (1.56) 1.56 (1.70) 
0.89 (0.38) 2.97 (1.35) 1.82 (0.79) | 2.15 (1.79) | 2.66 (1.83) 


0.98 (0.48) |1.00 (0.46) | 2.30 (0.96) | 2.94 (1.34) | 1.37 (0.58) 1.69 (0.78) 2.01 (1.66) | 1.99 (1.71) 


2.75 3.77 0.10 0.08 3.62 2.53 1.81 1.41 

3.86 4.50 0.52 0.16 2.90 3.38 1.64 3.40 

2.45 0 4.27 3.33 3.06 

3.31 [- a7 0.31 0.08 3.26 3.39 2.26 2.62 

—_—_—_— —— ee eS —_—_—_— 

3.47 0.17 3.34 2.44 

2.24 125 0 0.30 0.92 0.92 2.14 1.85 

2.80 1.92 0.51 0.58 1.50 1.31 1.47 0.64 

2.22 0 1.42 1.17 0.93 

2.52 1.79 0.26 0.44 1.21 1.22 1.59 1.47 
2.09 0.28 1.21 LSS 


COMMENT 


Of the rats fed on five kinds of low phosphorus rachitogenic diets, those in 
Group I (modified diet of Steenbock and Blask, No. 2965) had little appetite 
and fell victims to severe dystrophic rickets. The chief cause is to be found in 
low protein, for the increase in body weight and serum protein is apparent 
in the rats in Group II fed on casein milk instead of on gluten in Group I. The 
body weight and nutrition in the rats in Group III, IV and V fed on salt mixture 
and casein milk were close to those in the controls. The rats of Group II fell 
victims to hypotrophic rickets and the rats of Group III, IV and V fell to eutro- 
phic or well nourished rickets. Yamamoto!) reported that under malnutrition 








202 K. Miyamoto 


the modified growth of bone towards rickets was limited, that the development 
of osteoid tissue became poor and that the symptoms of rickets appeared mild. 
In this experiments, though the tibia of Group I is very soft and can easily be 
cut with a knife, the rachitogenic changes apparent in X-ray photographs are 
not always more serious than those in Groups II and III. The X-ray tube 
used is of the common portable type. By the common X-ray technique used 
in this experiments such small changes could not be observed as could be histo- 
logically, as reported by Marshall!) and Krammer, Sheur.!2) Obrien and 
Morgareidge") reported on the parallellism between X-ray tests and weight 
of the bone ash using a special X-ray technique. There were many rats that 
show apparently histological changes in Group I and those in Groups II, III, 
IV, V. The relation between the histological change in bones (and the rate 
of the body weight increase had not been so close.) 

The bones of the low phosphorus rachitic rats were restored by the ad- 
ministration of vitamin D or phosphate!) or by absolute fasting.!?)»15).16© How- 
ever, the effects of the amount of phosphate used in this experiment and a 4 
hours fasting were negligible. 

Throughout the experimental period, the accumulation of radioactive 
phosphorus per gram of tissue in the rats in Group I that have severe dystrophic 
rickets is the highest, followed by those in group II that have hypotrophic rickets, 
and those in Groups III, IV, V that have eutrophic or well nourished rickets 
are close to the controls or lower. 

To investigate the relation between the intensness of radioactive phosphorus 
metabolism and the low protein diets in the rats, more detailed experimental 
studies have to be made. 

It is apparent that the radioactive phosphorus in the contents of the intestine 
of Group I and II is higher than that of the controls, as shown in Table 136 
and Table 133 in Part I. 

There was no apparent difference in all tissues between the radioactive 
phosphorus in the rats in Group I administered with 1 I.U. of vitamin D, per 
gram and in others in Group I. It seems to depend on the dose of vitamin D, 
administered and the period of administration, 

Cohn and Greenberg reported the results of experiments on rats from which 
they concluded that the influence of vitamin D on the deposition of inorganic 
phosphorus in the bone of rachitic rats had to be ascribed to a more direct effect 
than one merely resulting from an increasing absorption. It appears from an 
indirect evidence that vitamin D may act to aid the conversion of organic to 
inorganic phosphorus in the bone. K. Margareidge and M. L. Manly!) re- 
ported that vitamin D had no effect on the entrance of radioactive phosphorus 
into the blood or into the tibial diaphyses of rachitic rats, but had a clear effect 
on the entrance of radioactive phosphorus into the rachitic metaphyses cut with 
special microjigsaw apparatus 70 hours after the administration. 


SUMMARY 


1. The phosphorus metabolism in rachitc rats fed on five kinds of rachi- 
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togenic diets and administered with vitamin D, has been studied 5 to 100 hours 
after administration of radioactive phosphorus. 

2. The rats of Group I (modified No. 2965 of Steenbock black diet) fell 
victims to severe dystrophic rickets. The rats in Group II (casein milk was 
added to Group I) fell victims to hypotrophic rickets. The rats in Groups 
III, IV and V (casein milk and salt mixture were added to the feed for Group 
I) fell victims to eutrophic or well nourished rickets. 

3. The percentages of retention per unit of fresh weight of tissue are in 
the following order: epiphysis, diaphysis, liver, spleen, kidney, duodenal in- 
testine, small intestine, large intestine, muscle and blood, the same as in the con- 
trols. The retained quantity is the highest in the tissues of Group I (over 2 
times that of the controls), followed by Group II. But no apparent differences 
are found between Group III, IV or V and the controls. 

4. In all groups, the radioactive phosphorus in feces for 30 hours after 
administration shows no statistically significant difference from that of the 
controls, but that in urine of Groups I and II is remarkably smaller than that 
of the controls, being only about 10% of the latter. By giving vitamin Ds, 
fecal phosphorus decreases and urinary phosphorus rises. 

5. The retention rate in the tissues in the rats of Group I is not influenced 
by the administration of vitamin Dy. 
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On the Inorganic Phosphorus of Spinal Fluid 
in Rachitic Children 


INTRODUCTION 


Many authors, including H. Cohen as the first, have published their 
works on the inorganic phosphorus in the spinal fluid. Most of them have 
dealt with the cases of cerebral, spinal and meningeal diseases. Serum inorganic 
phosphorus decreases in amount in rickets. This fact has been well known. 
Then what about fluid phosphorus in rickets. Relatively few have been known 
about the question, although some of them have been discussed in the works 
of Nourse and of Saka. 


Materials and Methods of Experiment 


Thirty cases of rachitic children, ages ranging from 10 months to 4 years 
7 months, who had been admitted to Tohoku University Hospital and to Sendai 
National Hospital, were examined. 27 healthy children were used as the 
control. Rickets was excluded by roentgenographic findings in control cases. 
Phosphorus determination was performed by Brigg’s method. Hidachi Electric 
Spectrophotometer FPB-Type A was used. 


Experimental Results 


1) Inorganic Phosphorus of Spinal Fluid in Rickets 

30 rickets cases were examined. They were classified into slight and severe 
by roentgenographic findings of bones. Their nutritional conditions were also 
classified by body weight into slight dystrophic (20-29% lower as compared 
with standard weight), severe (more than 30% lower than standard weights) 
and negative (—) findings. As is shown in Table 137, the spinal phosphorus 
values are, highest: 1.42 mg/dl, lowest: 0.99 mg/dl. The confidence limit of 
the mean is 1.19+0.05 mg/dl. If this is compared with that of 27 healthy 
children (7 months to 4 years): 1.44+0.07 mg/dl, the latter is significantly 
higher statistically than the former. 25 severe rickets cases showed the low 
value of 1.16+0.05 mg/dl. 5 slight rickets cases should somewhat low values 
of 1.3340.11 mg/dl. Statistically speaking, there is significant difference be- 
tween phosphorus values of severe rickets and those of normal children. ‘There 
is, however, no difference between the two, if rickets is classified into severe dys- 
trophic, slight and negative (—). This is shown in Table 138. 

2) Variations in Spinal Fluid Phosphorus by Provocation Test 

Sodium biphosphate Prok 0.5g was administered orally. Phosphorus 
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TABLE 137, 


Normal Children 


I. Suzuki 


Phosphorus Content in Spinal Fluid 
Rachitic Children 

















| | Spinal 4 | Spinal | Serum | Rickets | Dystro- 
No. Age | See}. No. Age oo (X-ray | “Shia 
| (mg/dl) (mg/dl) (mg/dl) | findings), P 
1|/ 0-6m| 6 1.43 1| Oy-10m | 6 1.38 | 5.45 | slight | slight 
2; 0-6m & 1.63 2| Oy-llm 2 155 4.70 | severe | ,, 
3|0-7m/| 6 128 3) Oy-llm | @ 141 | 4.56 | slight | (—) 
4| 0-7m (.) 1.42 4\ ly-Om r.) 1.02 4.32 | severe | (—) 
5| 0-8m| 6 | 150 5]| ly-Om! ¢ 1.31 Deen it 
6 0 -llm 6 | 1.47 6 ly- 2m 6 | 1.36 | 5.13 | slight | Severe 
7| O-llm | 6 | 1.58 7} ly-6m Q | 102 | 2.84 | severe | slight 
8| ly-2m | 6 1.42 8| ly-6m S | Gey » | severe 
| ty-3m | ¢ 1.81 9 ly- 6m 6 121 | 4.13 ‘6 | slight 
10; ly- 3m 6 1.47 10 ly- 7m r.) 1.34 | 4.58 | slight | severe 
11| ly-5m| 9 | 120 11] 1ly-7m/ 9 | 142 | | aeaee | () 
12} ly-5mj| Q 1.52 12} ly-9m r) 1.10 413 | , (—) 
13) ly- 9m 3 1.43 13 | ly-l0m $ 1.09 Zee | severe 
14} ly-9m r.) 1.47 14 ly-10m 2 1.11 4.03 | ms (—) 
15 | ly-l0m 6 1.34 15} ly-llm : 1.16 = severe 
16) ly-llm | @ | 1.21 16; 2y-Om | 6 1.13 3.38 ni slight 
17 | ly-llm 6 1.50 17 2y- Om 2 Be a. 4.70 %» = 
18| 2y-Om | 6 | 139 18| 2y-Im/| 6 | 143 | | * | dighe 
19 | 2y-Om g 1.52 19 | 2y- 1m 2 117 | 4.37 | slight | (—) 
20| 2y-4m | 9 | 138 20| 2y-Im!| @ 1.02 | 210 | severe | (—) 
21; 2y-6m | @ 118 21| 2y-5m |] Q | 1.16 | as slight 
22 | 2y- 9m Q 1.41 22 2y- 5m > | faa si (—) 
23| 2y-llm | Q 123 23| 2y-5m| ¢ 130 | 442 | | | (-) 
24| 3y-4m | Q 140 24) 2y-6m | Q 1.27 | 4.51 oe | 
25 | 3y-6m (.) 1.36 25 | 2y- 6m 2 1.15 | 3.19 ms (-—) 
26| 3y-8m 3 | 198 26| 2y-7m/ 9 | 128 | 329 | 2 | severe 
27 | 3y- 8m 2g 1.30 27 | 2y-10m r.) 1.25 os (—) 
28| 2y-10m | g | 099 | 263 ” | slight 
29 | 3y- 0m 2 103 | 250; 5 | (—) 
30] 3y-2m/} 2 | 1.1 | | os | <=) 
Mean 1.44+0.07 Mean 1.19+0.05 
TasLe 138. Spinal Fluid Phosphorus in Rickets 
Rickets 
i severe slight Total 
1 N le N . | . 
| baal mean perl | mean | peal | mean 
Dystrophy severe | 1,170.12 2 135 | 6 | 1.29+0.13 
slight 1.15+0.13 1 1.38 | 8 1.18-+0.15 
(—) | 14 1.16-+0.08 2 4 1.39 16 1.18-+0.07 
Total } 25 | 1.16+0.05 5 1.33+0.11 | 30 1.19+0.05 


was determined prior to, 6 and 24 hours aftter the administration. 


fluid phosphorus increased after 6 hours. 


mg/dl. But they returned to the normal after 24 hours. 





In all cases 


In two cases it was as high as 2.0 


(Table 139) 


3) Variations in Spinal Fluid Phosphorus in process of V.D, therapy 
of rickets. 
















































On the Inorganic Phosphorus of Spinal Fluid in Rachitic Children 
Tas.e 139, Variations in Spinal Fluid Phosphorus by Provocation 
Test 
Age | 2y 7m | ly llm | 2y 5m | 2y5m | ly 10m | 7y7m 
tro- —— a ee EE EE Ss Sa 
iia Rickets # | # | o# | # | # fo = 
sht before 12 OC 1.16 | Lg 116 | 1.09 | 1.16 
i after 6 hs. 1.61 2.20 | 2.38 | 1.56 1.49 1.36 
ia after 24hs. | 165 | 145 | 1.22 | | 1.26 
ae 
<4 Tasie 140. Variations in the Spinal Fluid P due to Vit. D, 
rht Therapy of Rachitic Children 
sy Case 1. 1 year 5 months, female 
oy Spinal | S Rick 
-) Date Weeks | SPinal | Serum | Rickets 
a (1955) | after adm. | / Cierny Ramavhe 
vere (mg/dl) | (mg/dl) | findings 
—) Sia eed BSR ae 
vere 2/IX before | 112 | 3.81 rm 3/IX Vit D, 600.000 inj. 
ght 9/IX | lweek | 1.21 | 3.78 | 10/IX Vit D, 1.200.000 inj. 
—) 16/IX 2 week Lak} Sa | 17/IX Vit D, 1.200.000 inj. 
ght 23/IX 3 week 1.30 3.78 | 
—) 30/TX 4 week 1.39 4.25 | 
—) 7[X 5 week | 1.38 | 4.72 | 8/X Vit D, 1.800.000 inj. 
ght 144/X | Gweek | 1.35 | 4.95 | 15/X Vit D, 1.500.000 inj. from 15/X 
—) 
—) 21/X 7 week | 135 5.43 | Ca. Gluconate (8.522) 10 cc intra musc. 
—) | inj. every day 
—) 28/X 8 week | 1.35 4.50 | | 
vere 
—) 4/XI Q9week | 1.44 | 4.58 | 4/XI Ca. Gluc. suspended Calcicol 
ight Ss | | 2.0g per os, per day 
-) | | ati. ale 
—) 11/XI gr | 1.31 | 4.53 | | 12/XI Citric Acid 0.2 g/kg per os, per 
| day 
18/XI 11 week | | 492 | 
25/XI 12 week | 1.32 4.88 
2/XII 13 week | 1.31 4.99 | | 
9/XII | 14 week | 135 | 502 | + 10/XII Vit D, 100.000 per os, every 
| | | other day 
— 16/XII 15 week | 1.41 | 498 | 
23/XII | 16 week | 1.36 | 4.79 | 
31/XII 17 week | 1.47 | 5.03 | 
6/I | 18 week | 1.39 | 521 | + 
sas 13/I | 19 week | 1.43 | | 
n 
——— Case 2. 13 year 8 months, female 
0.13 
0.15 12/IX | before 1.09 1.82 a 18/IX Vit D, 1.200.000 inj. 
0.07 23/IX | 1 week 1.15 1.82 
0.05 2/X | 2 week 1.11 2.35 
9/X | 3 week 1.14 2.78 
16/X | 4 week 1.09 | 3.77 | 
ees 23/KX | 5 week 1.19 | 3.16 23/Y Citric Acid 0.2 g/kg per os, per 
cases | day 
° | | | 
s 2.0 30/K | 6 week 1.21 | 2.92 | mn From 18/XI Citric Acid suspended 
12/1 4 month 1.26 | 3.89 | | 29/XITI, 5/I, 12/1, 19/1, 29/1 Vit D, 
rapy | | 1.200.000 inj. 13/I Citric Acid per os 
2/11 5 month 1.38 | 5.69 + | 
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Case 3. 4 year 7 months, female 





Date Weeks 


Spinal | Serum | Rickets 
(1955) | after adm. |, P - 


(X-ray Remarks 
(mg/dl) | (mg/dl) | findings 





before 1.25 | 4.52 18/IX Vit D. 1.200.000 inj. 








25/X% 1 week 1.31 3.91 + 
2/X 2 week 1.31 5.68 + 
9/X 3 week 1.27 4.43 
16/X 4 week 1.29 7.03 
Case 4. 2 year 5 months, female 
19/IX before | 1.16 4.36 aoe 28/IX Vit D, 1.200.000 inj. 
5/X 1 week Lis | 827 
12/X 2 week 1.2) | ++ 
19/X 3 week | 1.31 4.24 
27/X 4 week 1,29 4.81 
10/XI 5 week 1.27 | 4.89 + 
Case 5. 2 year 5 months, female 
before 1.21 3.35 tt 28/IX Vit D. 50.000 per os, every day 
5/X 1 week 1.21 4.75 | 
12/X 2 week | | 468 | + 
19/X 3 week 1.36 4.44 
27/X 4 week 1.34 4.69 
10/XI 5 week 1.26 4.99 ++ 


The spinal fluid phosphorus in 5 rachitic children was examined during 
the Vitamin D, therapy, and the influence of the drugs were observed. As is 
hown in Table 140, phosphorus seemed to increase with the progress of therapy. 
The effect of therapy, however, could hardly be told definitely because of in- 
appreciable amount of phosphorus gained. 


SUMMARY AND COMMENT 


According to Nourse et al., the amount of spinal fluid phosphorus in rickets 
showed no appreciable difference in the case of spasmophilia associted with 
clinically evident rickets as compared with normal. According to Saka, how- 
ever, 5 cases of rickets revealed lowered phosphorus. 

The results of my experiment are now given. 30 rachitic children were 
examined. Among them, severe rickets showed lowered fluid phosphorus as 
compared with normal. This was statistically significant. Slight rickets showed 
also somewhat lower value. This proved to be statistically insignificant. Rickets 
cases were divided then into two groups, one without and the other with the 
complication of dystrophia. Between these two groups there were no significant 
differences in the amount of phosphorus. In 5 cases of dystrophia without 
rickets, the amount of fluid phosphorus ranged from 1.68 mg/dl to 1.25 mg/dl, 
averaging 1.43-+0.21. This value was not significantly different from that of 
normal. It should be concluded from the above fact that spinal fluid inorganic 
phosphorus has been lowered in dystrophic rickets irrespective of the severity 
of nutritional disturbance. 
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CONCLUSIONS 


1) 30 cases of rachitic children were examined. 25 cases of severe rickets 
reveal the mean value of spinal fluid phosphorus to be 1.16+0.05 mg/dl. 
This is significantly lower than that of the normal. On the other hand, 5 cases 
of slight rickets show the mean valve of 1.33+0.11 mg/dl. This seems to be 
somewhat lower than that of normal. But no statistically significant difference 
can be found. 

2) Spinal fluid inorganic phosphorus in dystrophia reveals no significant 
difference as compared with that of normal. Phosphorus amount in dystrophic 
rickets, however, proves to be low as compared with normal, irrespective of the 
severity of nutritional disturbance. 

3) The variation of spinal fluid inorganic phosphorus was examined in 
six cases by Sodium Biphosphate Tolerance Test. It increases in amount in 
two cases after six hours and returns approximately to the normal after 24 hours. 

4) Spinal fluid inorganic phosphorus in rickets increases in amoun 
gradually by Vitamin D, therapy. 
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Chloride Content in Serum and Spinal Fluid 
in Rachitic Children 


Studies on salt metabolism in the past were mostly limited to those with 
calcium, phosphorus and carbon dioxide, but few have been aware of chloride, 
and in particular, no minute report on the chloride content in serum and spinal 
fluid is known. Reports on individual particular cases, however, have been 
published on some occasions. 

In 1954, Prof. Sano reported that there was a comparatively large number 
of severely rachitic and dystrophic-rachitic cases in Tohoku District and that 
latent tetany cases could also be found among them. 

The author, therefore, has attempted to determine chloride content (re- 
ferred hereunder as Cl) in serum and spinal fluid in these rachitic cases, as a 
link in a chain of study in salt metabolism in rickets. 

The measured values were studies in collation with those in normal and 
dystrophic cases, then the changes of the values in the course of treatment and 
the relation between the values and the tetanic reaction following phosphate 
administration were studied. 


EXPERIMENTAL SUBJECTS 


170 normal, 33 dystrophic and 107 rachitic children were selected as sub- 
jects among the children that assembled for the mass-examinations of infants 
and children in Tohoku District and from among out-patients and hospitalized 
patients. Of the dystrophic children, those with body weight lower by 20- 
29% than the standard weight of the corresponding age were classified as light 
and those with weight lower by more than 30°% from the standard as severe. 
The severity of rickets was determined by clinical signs and by roentgenographic 
findings of bones. Cases with diagnosed diseases in the alimentary tracts, the 
the lungs and the kidneys were excluded. 

Blood sampling was done at the time of hunger after at least 4 hours of 
fasting, avoiding blood stasis. The blood samples were immediately poured 
into test-tubes and sealed, for speedy separation of serum. 


EXPERIMENTAL METHOD 


Samples of 1 cc of serum and of 2 cc of spinal fluid each were deproteinized 
by Folin-Wu’s method and the supernatant fluid was measured for chloride con- 
tent by Whitehorn’s method. The greatest deviation of values in the same 
sample by simultaneous measurements remained below 2%. 


Eiji Koseki, M.D. (Department of Pediatrics, Tohoku University Medical School, Sendai, 
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EXPERIMENTAL RESULTS 


1. Chloride content in serum in normal and dystrophic children: The 
values obtained in 170 normal and 33 dystrophic children and their distribution 
are shown in Table 141, 142 and 143. 


TasLe 141. Chloride Content in Serum in Normal Children 





383 | 382 | 7375 383 | 386} 382] 384] 385| 386) 379 


371.8 | 369.6 | 366.2 368.7 | 372.6 | 367.2| 370.4) 374.8) 369.9| 370.0 
+48 | +2.9) +3.5| 4.0} 46.3) 45.6) +4.2] 43.3) 414) +7.3 


Average and fiducial 
limit (mg/dl) 


Age in years | o-1 | 1-2 | 23 | 34 | 56 | 7-8 | 9-10} 11-12 Total | Adult 
No. Cases | 20 | 34 = 2 | 1 | 18 | 18 | 21 | 170] 10 
| | | 
Range: 349-383 ea | 352- 346- | 355- | 345- | 355-| 362- | 345- | 349- 
(mg/dl) 
| 
| 

















Tasie 142, Serum Chloride Content in Normal and Dystrophic Children 





| 
| 


Average and fiducial 











Group No. cases Range (mg/dl) limit (mg| dl) 
Normal children | 170 345—386 369.9 1.4 
light 22 | 344—390 373.9448 
Dystrophy severe | 11 | 360—390 371.4-4£6.5 
Total | 33 344—390 373.0-+4.2 


Tas_e 143. Frequency Distribution of the Serum Chloride Values 
in Normal and Dystrophic Children 








Group (eases) | -344 345-855) 956-365 366-375 | 376-386 | 307-305 356-95, 
nace i. 15 | 43. lest 65. satel 
Dystrophic | 
children | | = | | 
‘ re aes 4 6 9 
_ - | 526) (18.29 a) (27. $7) (40.924) | (9. a) | 
ileal qt | | (45.49 9%)| (27.39 396) (18.296) 12) | 
‘i - ‘ 1 9 9 | | 3 
fot =| CS) | oom) | (27.394) (27.394) | (33.396) | (9.1% 





The serum content in normal children showed the average and the fiducial 
limit of 369.9-+-1.4 mg/dl, and no significant difference from that of 10 adults 
was observed. No significant difference was found either by age. 

2. Chloride content in spinal fluid in normal children: The chloride 
content in the spinal fluid in 8 normal children averaged 429.5++6.5 mg/dl, as 
shown in Table 144. 

3. Serum chloride content in rachitic children: The measured values 
and their distribution in 59 eutrophic-rachitic and 48 dystrophic-rachitic children 
averaged 384.5+3.2 and 384.7+3.7 mg/dl respectively, as shown in Tables 145 
and 146. 13 among 41 eutrophic-light rachitic cases (31.7%), 15 among 18 
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TasLeE 144 Chloride Content 








in Spinal Fluid in 8 Tasie 145. Serum Chloride Content in 
Normal Children Rachitic Children 
z Age in | cl , Average and 
Ne. years | Sex (mg/dl) Group No. Range fiducial limit 
| cases 
idk ; (mg/dl) 
| 0-7 F 422 a : aoe 
2 1-2 M 433 light 41 357-402 380.5+ 3.6 
3 2-1 M 435 Eutrophic , P 
4 2 F 415 rickets  S°vere 18 380-412 394.544.2 
5 3-3 F 433 Total 59 357-412 384.5+ 3.2 
, ae eS = light 29 | 350-399 | 378.9445 
8 | 120 | M | 428 Dystrophic severe | 19 | 381-413 | 393.6439 
Average and Total 48 350-413 384.7 43.7 
oe Ret | ensets Normal children | 170 | 345-386 | 369.941.4 


of range 415— 
440 


TasLe 146. Frequency Distribution of the Serum Chloride Values in 
Eutrophic and Dystrophic-Rachitic Children 





Group 53) -344 | 345-355 356-365 | 366-375 | 376-386 | 387-395 396-4051 406- 

light | (41) | (17.196) (12.386) (39.036) (19.580) (12.29), 
Eutrophic severe | (18) | . , a 25 : 3 4 
rickets (16.724) | (50.024) | (22.22) | (11.124) 
Total | (59) . (11.986) (8.536) (32286) (28.886) (15.286) (3.436) 

light | (29) (3.4%) (13.82%) (20.8%) (31.086) (27.62%) (3.486) 
oe severe | (19) (2i.is) (47.386) (21.186) (10.596) 
Total | (48) | (2.136) (8.396) (12586) (7:16) (35.486) (10.486) (4.336) 

Nomal Children | (170) (88%) (25.46) (98.286) (27626) 


eutrophic severe rachitic cases (83.3%), 9 among 29 dystrophic-light rachitic 
cases (31%) and 15 among 19 severe rachitic cases (78.3%) showed high vaiues 
ranging beyond the normal, and the total average in the rachitic cases was also 
higher than that in normal children, showing a significant difference. 

No statistically significant difference was found between the chloride content 
in serum of eutrophic and dystrophic rachitic cases. 

4. Chloride content in spinal fluid of rachitic children: The measured 
values of 16 eutrophic and 11 dystrophic cases were as shown in Table 147, averag- 
ing 444.0+5.6 and 447.0+10.4 mg/dl respectively. The values were slightly 
higher than those in normal children, the difference being significant. No sig- 
nificant difference was observable between eutrophic and dystrophic children. 
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Tasie 147. Chloride Content in Spinal Fluid of Rachitic Children 





Chloride content (mg/dl) 


Group No. cases | — 
Range “ Average and fiducial fimnit 

light 4 | 438454 | 440.0412.1 
Eutrophic severe 12 428475 | 440.0 7.4 
Total 16 428475 | 440.0+ 5.6 

. light 1 | 450.0 
Dystrophic severe 10 431485 | 446.8+11.6 
Total 11 431-485 447.0+ 10.4 
Normal children | 8 415—440 429.5+ 6.5 


5. The chloride content in serum and spinal fluid of rachitic children 
subjected to various therapies underwent changes as shown in Figure 100. With 
the alleviation of rickets following injection or oral administration of VD, in 
combination with internal use of 10°% solution of citric acid, the chloride content 
in serum and spinal fluid fell to normal value. 





Case \(D1-5(M)QI-5 (F)|@13-7(F)|@0-I1 (F© 1-0 (MIO 3-2( F)|@ 2-3(F) 
VD,240x10*LU. mais U. VB, 20x16 1 VD,60x107/.U|VD, 5x10" 1.U. (VD,5x10" 1.U.|VD,5X10*L.U, 








(Inj.) nj.) Inj). CInpy daily(per os)}detly per os)Mdaily(per os) 3 

mg \y wae | | Ue city, (scitracid |, : 3 

YA 4| ‘> acid |270ce(per os}Farotin 16mg \Parotin 24mg) <=, 

RPO dl eed Mee 

4404 | NS bp rors A. l£ 

htt MUMIA MOM TDXAD, TIN PRL) 

420 -LLLLIHLLILL VILLI MLL LIN LLL LL 
#00. 





1, a Z Lad Wr wash Tan 


360 #4 WL GLMUMLMLLULUL ULL LIM ULL LR SLIT 





Serum 








Rachitic 
finding 
Weeks| —> 4 | —>76| —/76|) —/0| —72|—>8 | —>7 


Ett) — — > (—) |G) -- (DIG) —- |G) -- >| CH) -- > GIG) ~ -> HIGH) — - P44) 


























UWiioA Average value and the standard deviation in normal children 


Fig. 100. The changes in chloride values in serum and spinal fluid of rachitic 


children subjected to various therapies. 


6. Serum chloride content following tetany provocation test by adminis- 
tration of phosphate: 0.5 g¢ per Kg body weight of Na,HPO, was orally ad- 
ministered in 10° solution to rachitic and normal children early in the morning 
before breakfast, and their blood was sampled every hour thereafter for measure- 
ment of the content. The results are classified into the three following groups: 

Group A: Rachitic cases that showed typical tetanic manifestation and 
heightening of electric excitability following the tests (Positive reaction group). 
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Group B: Reaction negative group of rachitic cases. 
Group C: Normal cases (reaction negative). 


SUMMARY AND Discussion 


McCune (1943), Guild (1937), Gittlheman (1940), Allan (1936), Fanconi 
(1952), Zweymueller (1954) and Nelson (1954) reported special cases of rickets, 
e.g. rickets associated with base-losing nephritis, and pointed out marked rachitic 
figures, decrease of inorganic phosphorus content and increase of chloride 
content in serum, 

The rachitic cases in Tohoku District examined by the author showed no 
anomalous findings in their urine, nor anything that reminded of the so-called 
“ Lightwood Syndrome,” but many cases, and especially the severe cases, showed 
an increase of chloride content in serum and spinal fluid. In light rachitic 
cases, however, the majority (68.3% in eutrophic and 69.0% in dystrophic 
rachitic cases), the chloride content was normal. The spinal fluid chloride 
usually increased in parallel with serum chloride, and increased, though slightly‘ 
in severely rachitic cases in particular. 

No significant difference in the chloride content in serum and spinal fluid 
was observed between the eutrophic and the dystrophic rachitic cases, nor be- 
tween the normal and the dystrophic non-rachitic cases. 

The chloride content in serum and spinal fluid began to decrease toward 
normal, following alleviation of rickets by medical treatment. 

In 1928, Warkany inaugurated phosphate administration tests for diagnosing 
rickets. Upon testing rachitic cases by this method, the author found tetanic 
reaction in 9 out of the 27 tested ones (33.3%). The serum chloride curves of 
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Fig. 101. Relation between the serum chloride curve and the CO, curve 
following tetany provocation test by oral administration of phosphate. 
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these tetanic reaction positive cases (group A) showed an abrupt fall and no 
recovery of the original pretest values even 24 hours after the tests, remaining 7— 
23 mg/dl below the original, while in normal children (Group C), the fall after 
the test was extremely small and the original level was recovered in 24 hours 
without fail. The group B showed results coming in between the two above 
mentioned. It was of interest that these curves were nearly the mirror-images 
of those of the serum CO, content of the same subjects measured simultaneously 
(Fig. 101). 

It may be concluded, therefore, that the chloride content in serum and 
spinal fluid is subjected to wider and more frequent fluctuation in rachitic, and 
even more in severely rachitic, children than in normal ones, which seems to 
indicate that in rachitic cases, the equilibrium of salt metabolism is apt to be 
undone, and if once undone, is restored only with difficulty. 
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Serum Na, K and CO, Contents in Rachitic Children 


INTRODUCTION 


As electrolytes of importance of the maintenance of internal environment, 
we may enumerate the cations of Sodium, Potassium and the anions of Chlorine 
and Bicarbonate. Of course, the importance of Na and K have been duly 
recognized in the past, but owing to the emphasis of the questions concerning 
transfusion and the progress in the endocrinology on the hypophysis adreno- 
cortical system, the subject has been recently particularly limelighted. The 
problems of the acid-base equilibrium in blood have been also long under debate 
and it has been accepted that, since the normal pH value of blood is stabilized 
at approximately 7.4 through this buffer action, it is sufficient to measure the 
concentration of bicarbonates in plasma for determining the presence or the 
severity of acidosis. In the field of pediatrics, however, reports on the metabol- 
lism of electrolytes have been as yet inadequate, and there are few, if any, on 
the subject treating rickets. So, I have made investigations on the Na, K and 
CO, contents in serum in rachitic children particularly frequently met with in 
Tohoku District, and in dystrophic and normal children as well, as reported on 
in the following. 


Experimental Methods and Materials 


For measuring the Na and K contents in serum, a flame photometer was 
used, with Tasaka Clinic type solution as standard, and for measuring the CO, 
content, the Van Slyke’s micro-blood gas analysis method as improved upon 
by Saito was followed. ‘The experimental subjects were chosen from the children 
at the mass health examination in Tohoku District and from in-and outpatient 
cases of the Clinic, Tohoku University Hospital during the period of July 1953 
to March 1955, those diagnosed clinically as healthy being taken as normal, 
those of less than 70% in body weight of the standard as severely dystrophic 
and those between 70 and 80% of standard weight as slight dystrophic subjects. 
All the children were subjected to roentgenographic examinations. ‘The children 
thus diagnosed as rachitic by clinical signs and X-ray picture were divided into 
the severe and the light rickets groups, according to the standard laid down 
by this Laboratory. 


Experimental Results 
1. Normal Subjects 


1 Serum Na content: The results of measurement with 33 sucklings, 


Y6 Abe, M.D. (Department of Pediatrics, Tohoku University Medical School, Sendai’ 
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57 infants and 34 primary school children, 124 children in total as subjects, 
are shown in Table 148. The maximum value in mEq/L in sucklings stood at 
141.8, the minimum at 133.5 and the mean at 140.5-+1.25 in infants, between 
148.6 and 133.5 or at 140.8-+1.14 in the mean and in school children, between 
147.6 and 136 or at 142.4 +1.50 in the mean. This shows that the content is 
the lowest in sucklings and grows with age. 

2 Serum K content: The number of subjects is the same as above. 
The results were as shown in Table 149. In mEq/L, the values ranged between 
5.85 and 4.11 and stood at 4.72++-0.12 in the mean in sucklings, between 5.75 
and 4.07 (at 4.80-++0.23 in the mean) in infants and between 5.48 and 4.10 
(mean value: 4.72-+0.12) in school children, thus showing a tendency to de- 
crease with age. ‘These values are seen to stand in inverse proportion to those 
of Na content above. ‘The above differences, in Na and K contents in serum 
by age, however, cannot be called stoichiologically significant in any case. 

3 Serum CO, content: The results obtained with 57 normal children 
consisting of 16 sucklings, 26 infants and 15 school age children as subjects, are 
shown in Table 3. In vol. %, the values ranged between 55.29 and 37.06 
(45.62+2.45 in the mean) in sucklings, between 57.27 and 41.12 (47.97+1.83 
in the mean) in infants and between 62.99 and 44.92 (50.01++4.85 in the mean) 
in school children. In 10 abult subjects, the values came between 67.60 and 
45.65, standing at 51.85+1.53 in the mean. Thus, the content is the lowest 
in sucklings, rises slightly in infants and rises further in primary school children 
to approach the value in adults. 

The difference between the values of sucklings and infants is not stoichio- 
logically significant, but that between the values of infants and school children 
is frankly significant. 


2. Dystrophic Children 


1. Serum Na content: In 34 cases, as shown in Table 151 the value in 
mEq/L ranged between 143.4 and 130.2 and stood at 135.9+1.56, showing a 
perceptibly lower level than the mean value in normal children. In the 20 
light cases among them, the values came between 143.4 and 130.2 and was 
135.34-1.51 in the mean, while in the 14 severe cases, it ranged between 140.2 
and 130.5 and averaged 136.1+1.74. The values were all subnormal, but no 
significant difference was observed between the light and the severe dystrophics. 

2. Serum K content: The values in the same cases as above, as shown 
in Table 149 ranged between 7.0 and 3.5, and averaged 5.42-++0.31, showing 
a frank rise over that in normal subjects. In the group of 20 light cases, the 
values ranged between 6.88 and 3.85 and stood at 5.35-0.31 in the mean, and 
in the group of severe cases, between 7.0 and 3.9 and at 5.54++0.43. All these 
figures are higher than those of normal children, and the severe cases showed 
slightly higher values than the light cases, but the difference was not stoichio- 
logically significant. 

3. Serum CO, content: In 10 dystrophic cases, as shown in Table 150 the 
values ranged between 49.25 and 34.86, and averaged 42.55+4.03, showing 
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Taste 148. Serum Na Content in Normal a slight but significant drop below 
Children and Adults (mEq/L) that of normal children. In 6 
lightly dystrophic cases, they 

Agein | No. | : sala : if s “ 
pt | cases | Max. | Min. | Average ranged between 45.91 and 36.51, 





= aia — averaging 42.14+3.19, while in 
133.5 | 140.5%1.25 : 





0-1 | ole 4 severe cases, they came between 
r | | “ 
I-6 | 57 148.6 | 133.5 | 140.8+1.14 49.95 and 34.86, averaging 43.14 
2 | * 1474 | 1360 | 142.2+1.16 +10.61. The difference between 
Total | 124 | 148.6 | 133.5 | 141.1+0.59 the two groups is not stoichio- 
Adults 35 149.5 | 133.5 | 142.621.51 logically significant. 
Taste 149. Serum K Content in Normal 3. Rachitic Children 
Childre A : 2q/L , . 
ee ae Hee Pangey 1 Serum Na content: In 
i } ] 3 case: Ss mi ra ] 5 
Age in No. | Max..| Min. pane 83 cases, as shown in Table 152(1), 
years | cases | | the content stood between 147.4 
O- 1 33 | 5.85 4.11 | 4.85-+0.16 and 128.7 and at 138.2-0.88 on 
els | 5.75 | 4.07 | 4.77+0.11 the average, showing a slightly 
-12 | 34 548 | 4.10 | 4.7240.12 subnormal level. a 45 — of 
Total | 124 | 585 | 407 | 4.794003 light ener we na ve ee a 
| f —= c av ag 
Adults | 35 | 545 400 | 4.692016 ‘Ween o*. oi nag eggs. 


138.54+1.15, but in 18. severe 
; . ; ‘ ; Sede cases, the values came between 
Taste 150. Serum CO, Content in Normal 147.2 and 128.7, averaging 137.7 


Children and Adults (Vol %) =f : 
+1.52, the values being lower 





Agein | No. | eee oa F than normal in both groups. 

years aoe eens The difference in the Be seg 

Ey | 16 ; 55.29 | 37.06 45.62-+2.45 the two groups, however, was too 

1-6 | 26 | 57.27 | 41.12 | 47.974-1.83 Small to be stoichiologically signi- 

6-12 | 15 | 6299 | 44.92 | soolzse5 ficant. / 

Total | 57 | 6299 | 37.06 | 47.86-+41.94 2 Serum K content: As 
| shown in Table 152 (2), the values 


Adults | 10 | 67.60 | 45.65 | 51.85+1.53 é 
Beran b Arle Pol | ranging between 7.92 and 3.70 


and averaging 5.28+0.14 are 
clearly supernormal. In 45 light rachitic cases, the values stood between 7.0 
and 3.7, averaging 5.22+0.18 and in 38 cases of severe rickets cases, between 
7.92 and 4.25, averaging 5.36-+0.22, the latter showing a higher value, but 
the difference was not stoichiologically significant here either. 

3 Serum CO, content: In 57 cases, as shown in Table 152 (3), the values 
of between 60.26 and 33.23, averaging 42.37+-0.14, were somewhat lower than 
in normal children. 27 light rachitic cases showed values ranging between 
53.44 and 33.68, 41.10+1.91 in the mean, and 30 severe cases values between 
60.26 and 33.23, 43.35+1.98 on the average, but no significant difference ex- 
isted in the two sets of values. 
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TaBLe 151. Serum Na, K and CO, 
Content in Dystrophic Children 


(1) Serum Na content (mEq/L) 





subject = Max.| Min.| Average 

Light dystrophy | 20 | 143.4, 130.2| 135.321.56 
Severe dystrophy, 14 | 140.2) 130.5) 136.1+1.74 
Total 34 | 143.4; 130.2; 135.921.56 


Normal 70 | 148.6} 133.5) 140.6+0.82 


(2) Serum K content (mEq/L) 





Light dystrophy | 20 | 6.88 | 3.85 | 5.35+0.31 
| | 
Severe dystrophy, 14 7.0 | 39 | 5.5423:0.45 
Total | 34 | 7.0 | 3.85| 5.424-0.31 


| 70 | 5.85 | 4.07 | 4.81+0.13 


Normal 


(3) Serum CO, content (Vol °%) 





Light dystrophy | 6 | 45.91| 36.91) 42.14+3.19 
Severedystrophy| 4 | 49.25| 34.86/ 43.14+10.61 


Total 10 | 49.25| 34.86) 42.55+.4.03 
Normal 31 | 55.29) 37.06! 46.83+2.77 


Tasie 152. Serum Na, K and CO, 
Content in Rachitic Children 


(1) Serum Na content (mEq/L 





No. of 


Subject : Max. Min. Average 
cases 
Light rickets 45 147.4; 130.0; 138.5+1.13 
Severe rickets 38 147.2) 128.7| 137.74%1.52 
Total 83 147.4| 128.7) 138.2+0.88 


(2) Serum K content (mEq/L) 





Light rickets 45 7.0 3.7 5.22+0.18 
Severe rickets 38 7.92 | 4.25 | 5.36+0.22 
Total 83 7.92.| 3.7 5.28+0.14 


(3) Serum CO, content (Vol %) 





Light rickets | 27 | 53.44! 33.68) 41.10+1.91 
Severe rickets | 30 | 60.26) 33.23) 43.35+1.98 
Total | 57 | 60.26) 33.23) 42.37+0.14 


4. Eutrophic and 
Dystrophic Rickets 


The results of measurements 
of serum Na, K and CO, con- 
tents in subjects classified in 
groups of rachitic cases with or 
without dystrophy as complica- 
tion are given in Table 153. 

1 Serum Na content: As 
shown in Table 153 (1), in 25 cases 
of eutrophic-light rickets, the 
values ranged between 147.4 and 
130.5, averaging 139.3+-1.91 and 
in 16 cases of eutrophic-severe 
rickets, between 147.2 and 131.0, 
averaging 139.1+2.13, the values 
in both cases being slightly but 
not significantly lower than the 
normal. The difference between 
the two eutrophic groups was 
not significant either. 

In dystrophic groups, how- 
ever, the lightly rachitic cases 
showed values ranging between 
144.0 and 130, averaging 137.7+ 
1.55, and the severely rachitic 
cases between 143.5 and 128.7, 
136.8+1.92 in the mean, both the 
groups showing significantly sub- 
normal values. The dystrophic- 
rachitic cases bad values some- 
what lower than the eutrophic- 
rachitic cases, but no difference 
was observable between lightly 
and severely rachitic dystrophic 
cases. 

2 Serum K content: As 
shown in Table 153 (2), in 25 
eutrophic light rachitic cases, it 
stood between 6.05 and 3.70, aver- 
aging 5.11-+0.17, and in 16 eutro- 
phic-severely rachitic cases, be- 
tween 7.92 and 4.24, 5.33+0.19 


in the mean, both the groups showing significantly supernormal values. In 20 
dystrophic-lightly rachitic cases, the values were between 7.0 and 3.7, 5.34-+0.36 
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Taste 153. Serum Na, K and CO, 


Content in Rachitic Children 
With or Without Dystrophy 


(1) Serum Na content 


Serum Na, K and CO, Contents in Rachitic Children 





Subject No. Max. Min. 
cases 
Eutrophic light 
rickets 25 | 147.4) 130.5; 139.3+1.91 
Eutrophic severe 
rickets 16 | 144.2) 131.0) 139.142.13 
Dystrophic light 
rickets 20 | 144.0; 130.0; 137.7+1.55 


Dystrophic 


severe rickets 22 | 143.5) 128.7, 136.8+1.92 


(2) Serum K Content 





Eutrophic light | 


rickets 25 6.05 3.7 5.11+0.17 
Eutrophic severe 

rickets 16 7.92 4.24 5.3540.19 
Dystrophic light 

rickets 20 7.0 3.7 5.34+0.36 
Dystrophic 

severe rickets 22 7.63 4.35  545240.32 


(3) Serum CO, Content 





Eutrophic light 


rickets 17 | 46.15) 33.69) 40.85+2.10 
Eutrophic severe 

rickets 20 | 60.26; 33.23, 43.6143.12 
Dystrophic light 

rickets 10 | 53.44 33.69 42.0343.37 
Dystrophic 


severe rickets 10 49.76 36.03 42.82+2.85 
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in the mean and in 22 dystrophic- 
severely rachitic cases, between 
7.63 and 4.35, averaging 5.46 
0.32, the values in both groups 
being higher than the normal. 
In dystrophic-rachitic cases, the 
value is higher than in eutrophic 
rachitic cases in general, and the 
severe rachitic cases showed a 
slightly higher value than the 
light rachitic cases. 

3 Serum CO, content: As 
shown in Table 153 (3), in 17 cases 
of eutrophic cases with light 
rickets, the values fell between 
46.15 and 33.69 averaging 40.85 
+2.10, in 20 eutrophic but se- 
verely rachitic cases, between 
60.26 and 33.23, 43.61+3.12 in 
average, both groups showing 
slightly but significantly sub- 
normal values. In 10 dystrophic- 
lightly rachitic cases, the values 
ranged between 53.44 and 33.69, 
42.03+3.37 in the mean and in 
10 dystrophic-severely rachitic 
cases, between 49.76 and 36.08, 
averaging 42.82+2.85. That is, 
in serum CO, content, eutrophic 
and dystrophic rachitic cases 
all showed values significantly 
lower than the normal, but no 
difference according to the seri- 


.. ousness of rickets. 


5. Upon Phosphate Administration 


10%, water solution of secondary sodium phosphate in doses equivalent, 
to 0.3-0.5 g. per Kg were orally administered to rachitic and control children 
and the change in their serum Na, K and CO, contents was observed. Blood 
was sampled before and after the administration at fixed intervals and beside 
measuring the serum Na, K and CO, contents everytime, the occurrence of 
tetanic symptoms and electric excitability (abbreviated to EE hereunder) in 
them were also examined. 18 rounds of induction tests were undertaken with 
13 rachitic subjects and tetany fits were observed in 8 tests, no tetany but posi- 


tive EE in 6 tests and neither tetany nor EE positiveness was observed in the 
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remaining 4 tests. 

In the 7 induction tests with 7 normal children, no case of tetany fit was 
observed and EE was negative except in 2 cases. Thus, the rachitic children 
were divided into the tetany positive and the tetany negative groups. The 
results are summarized in Tables 154, 155 and 156. 

1 Serum Na content: In all the 9 rachitic cases, the values rose to reach 
the maximum in | to 3 hours after phosphate administration, and lowered 
gradually thereafter to recover approximately the original values in 24 hours. 
The rate of rise, the difference between the original value and the maximum 
attained following the test was the highest in the cases who showed high increase 
of EE and showed positive tetanic reaction, reaching 8.1 mEq/L, while in the 
group with rising EE but no tetanic reaction it was somewhat lower, being 
7.8 mEq/L, the difference between the two, however, being not stoichiologically 
significant. The rate was of course lower in rachitic cases showing netiher 
tetanic nor EE reaction, standing at 5.2 mEq/L in the mean. By the grade 
of rickets the group of 5 lightly rachitic children showed the rate of 7.1 mEq/L, 
while the group of 4 children with severe rickets, the rate was 8.9 mEq/L, the 
severer the rickets, the larger the rate. 


TasLe 154. The Change of Serum Na Content Following per oral 
Administration of Secondary Sodium Phosphate 


1. The control group 











Q 
> 2 6 {hs 

No.| Name vy |» Fzg & & E PA E P Sz Remarks £29 Boe 

4 |H MEE Mm |< ts | <s | <a RED os 
1 FO. 1-9 6 — 132.8) 136.6 130.2, 132.6 130.0) 0.5 g/kg adm. 3.3 | - 
2| SH. | 1-9| 9 140.5 146.5| 142.6, 140.0; 0.5 g/kg adm. 6.0) — 
3| Y.H. | 1-8 9 142.5 149.6 145.6 144.8 142.2! 0.5 g/kg adm. 7.1 _ 
4| T.T. | 1-1/9 -- 141.2) 145.1) 144.1) 141.0, 141.0! 0.3 g/kg adm. 39) — 
5| K.A, | 2-2) 6 140.2 140.0) 144.6 147.7) 139.3) O.5g/kgadm. 7.5) + 
| K.4. 1-6 Q _ 138.4, 135.2) 141.6) 139.0 139.4 0.5 g/kg adm. 28) — 

2. The rachitic group, tetanic symptom positive 
7) oe 2-5 6 H 136.5, 144.1) 140.2) 134.0) 137.2! O.5g/kgadm. | 7.6) + 
8| H.F. |14-3) 9 4s 142.3) 145.0) 152.7) 144.7) 144.1) O.5g/kg adm. | 104/) + 
9, YA. 1-8 86) 4 | 140.0) 140.0! 149.2 142.0! 142.3| O.5g/kg adm. | 9.2| + 
10; TI 10 Q bE 137.5) 142.7| 139.4) 136.2) 134.5; O.5 g/kg adm. | 5.2 | ++ 
3. The rachitic group, tetanic symptom negative 

11| M.M.| 3-4 6 | # | 136.6) 128.7 1433 140.0, 134.9/ O.5g/kgadm. | 6.7) + 
12| E.T. | 2-3) 6 + 144.7) 148.6 151.2 145.2) 143.0! O.5g/kg adm. | 65] + 
i) VE. | 1-5. 2 H+ | 136.4) 140.2| 146.6 137.4) 0.5 g/kg adm. | 10.7 | + 
14| N.A. | 2-0 6 + 143.0, 152.6 146.6 138.3 | 0.5 g/kg adm. | 96) — 


2 Serum K content: Upon administration of the phosphate, it rose 
in all 8 cases of rickets, reaching the maximum in | to 3 hours, and then 
slowly dropped to recover the original level in 24 hours. The rate of rise was 
here also highest in the tetanic reaction positive and highly EE rising group, 
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Taste 155. The Change of Serum K Content Following per oral 
Administration of Secondary Sodium Phosphate 


1. The control group 











iS) 
| 2 g - bh oa a] 6 5 ly 
No.| Name| g | y [EBei S |S | Sn) Se | 88 | Remarks (ee p/P e8 
2 SueF & S228 22) Sz Beige 
1| T.O. | 1-9 @6| — | 5.24] 587) 5.62) 5.55! 5.25 | O3g/kgadm. | 0.63| — 
2| SA. |2-2 6) — | 4.25) 5.17| 5.05 | 4.18 | 4.03 | O.3g/kgadm. | 0.92) + 
3/ YH. |1-8 92) — | 533) 6.18! 5.96} 5.56| 5.40 O5g/kgadm. | 0.85| — 
4| SH. | 1-9 9 5.30 | 5.98 5.50 | 5.20 | 0.5 g/kg adm. | 0.68! — 
5| KT. |206| — | 419 4.85 | 4.31 | 4.08 | 0.5 g/kg adm. | 0.66) — 
2. The rachitic group, tetanic symptom positive 
6| Y¥.T. |2-5 @| + | 5.07| 656| 585 | 4.99 | 5.68 | O.5g/kgadm. | 149; + 
7| HF. 14-3 2) + | 5.28) 651 | 635) 5.57 | 5.85 | 0.5 g/kg adm. | 1.23) + 
8| YA. | 1-8 6] + | 443) 566] 4.61 | 4.30] 4.35 | O.5g/kg adm. | 1.23) + 
oi te iteaei + | 4.12 | 5.14 | 5.07 | 4.27| 4.30 | 0.5 g/kg adm. | 1. +H 
3. The rachitic group, tetanic symptom negative 
10| M.M. | 24 6 | + | 4.91| 5.71 | 4.89] 4.76 | 4.54 | O.5g/kgadm.| 08 | + 
| ET. | 23/6 | + | 4.80) 5.87| 444 | 4.61 | 4.60 O.5g/kg adm. | 1.03) + 
12) ¥.K. | 1-5) 9 | a | 466] 5.66| 5.20) 4.86 | 5.32 | O5g/kgadm.| 10 | + 
13) NA. | 1-6 9 | + | 500} 548] 5.94) 5.56 | 5.20 | O.5g/kg adm. | 0.94) — 


} 


reaching the rate of 1.24 mEq/L. In tetany negative EE positive group, it was 
0.95 mEq/L, somewhat lower but not significantly. In tetany negative EE 
negative group, the value was the lowest, being 0.78 mEq/L on the average. 
In light rickets cases, the rate was 0.99 mEq/L in average of 3 cases and in 5 
severe cases, averaged 1.11 mEq/L, the severer the rickets, the higher the rate. 

(3) Serum CO, content: In about half of the 11 cases, the content slightly 
decreased in one hour after the administration of the phosphate, rerose thence 
to reach the maximum in 3 to 6 hours, decreased thereafter and regained the 
original value in 24 hours. 

Since in this case, the curve of change was somewhat different from the 
cases of Na and K, the difference between the lowest value, whether that before 
the administration or that at one hour after it, as the case might be, and the 
maximum value was taken as the rate of rise. Such a rate of rise was here also 
the largest in the subject showing positive reaction of both tetany and EE, 
amounting to 12, 16 vol. %, while in the group of tetany negative EE positive 
cases, it was perceptibly and significantly lower, standing at 7.22 vol. %. In 
the tetany negative EE negative group, the value was slightly lower again, 
averaging 6.77 vol.%. In rachitic cases. The 3 lightly ones showed the mean 
value of 8.81 Vol % and the severely rachitic ones the higher mean value of 10.06 
Vol %. 


SUMMARY AND CONCLUSION 


Upon measuring the serum Na and K with a flame photometer and the 
serum CO, by Saito’s micro-blood gas analysis method, of normal, dystrophic 
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Taste 156. Serum CO, Content Following per oral Administration 
of Secondary Sodium Phosphate 
1. The control group 
. je ke . 
y X-ray z u be be b he he ° S45 
~ Name 2 lel pra, |e |S a a Sc Ya Remarks [Ye o|/$ ss 
Z 2g) Nene |S 4/28) 24/48) 5/3 Ped g2 
1 S.A. 2-2 6 47.3447.15 46.97 47.73 = oo 0.5g/kgadm.} 0.58 
2| Y.H. 1-8 2 — 43.41 40.41 44.67 43.92 ” 4.26 — 
3| K.T. 166 - 46.38 43.52 47.77 53.87 ne 9 ” 7.49 
4 MA, /0-\ 4) osteogen. 53 9751 .9461.53.60.79 61.53 58.04 52.04 ” 10.29} + 
10 imperf. 
5.0.0. 1-16 VEC 41.0238.68 19.92.49.61 38.8935.42  » 11.24] — 
° } 
2. The rachitic group, tetanic symptom positive 
6 H.F. 13-89 {Ht 45.22 39.49 59.08 62.61 57.48 49.08 47.86 0.5g/kg adm.} 23.12) + 
7, HLF. 14-3 6 + 45.18 43.25 49.59 46.29 41.88 ” 6.34) + 
S Fa. 2-513 ++ 38.56 43.87 56.27 38.52 36.49 ” 12.4 + 
9 E.K. 4-9 9 rm 43.07 42.29 49.65 53.02 48.45 49.65 ” 10.73} + 
10 E.K. 5-3 Q + 43.59 49.74 51.91 54.47 46.23 ” 10.88} +4 
11, W.T. 1-0 2 + $1.16 42.50 52.71 52.17 51.85 44.56 ” 10.21; + 
12 ST. 4-56 Hb 39.81 47.54 51.29 47.65 40.16 0.3g/kg adm.| 11.48) +4 
3. The rachitic group, tetanic symptom negative 
13} E.T. i-8 2 Ht 45.56 42.78 42.72 50.41 43.46 0. 58/ke adm.| 9.94} ++ 
14. T.A. 2-7 9 {Ht $1.8842.15 50.59 48.46 42.25 40.52 8.44) + 
15 M.M. 3-42 ++ 49.24 40.82 49.03 36.43 41.79 ” 8.21} + 
16 M.I. 19 6 tit 42.79 43.43 45.25 46.98 42.25 ” 4.67) +. 
17| H.T. 2-5 2 4+} $2.09 42.59 49.05 45.57 43.64 ” 6.62; — 
18 T.T. 2-5 2 ae 42.51 41.53 41.59 40.29 48.50 42.74 ” 6.97 ies 











and rachitic children in Tohoku District, the following results were obtained : 

1. The serum Na content in 124 normal children averaged 141.1-+0.57 
mEq/L. The mean values were the lowest in sucklings, increassing gradually 
with age, but the differences between the age groups of sucklings, infants and 
school children were not stoichiologically significant. 

2. The serum K content in 124 normal children was 4.79-+-0.08 mEq/L 
in mean value. The tendency was to decrease slightly and not in a significant 
difference with age here. 

3. The serum CO, content of 57 normal children was 47.86+1.94 Vol % 
on the pi increasing with age to approach the value in adults of 51.85 
+1.53 Vol %, in school children. 

4. The serum Na content in 34 dystrophic cases averaged 135.9-+-1.56 
mEq/L and the serum K content averaged 5.42+0.41 mEq/L in the same 
The serum CO, content in 10 dystrophic cases was 42.55+1.03 
Vol % in the mean. The Na content and CO, content were lower and the 
K content was higher than in normal subjects. No significant difference in 
the contents was observed between the cases of light and severe dystrophy. 
the serum Na and K contents averaged 138.2+ 


subjects. 


5. In rachitic cases, 


0.88 mEq/L and 5.28++-0.14 mEq/L respectively in 83 cases, and the serum 
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CO, content averaged 42.37+0.14 Vol % in 57 cases, all values showing dis- 
agreement with those of normal cases. In severely rachitic cases, the serum 
K value was slightly higher than in light cases, but the difference was not signifi- 
cant. 

6. In rachitic cases, eutrophic subjects and dystrophic ones all showed 
subnormal Na content and supernormal K content, the deviation from the 
normal being particularly perceptible in dystrophic-rachitic cases. Of both 
the groups, the cases with severer rickets showed higher K content in serum, 
but the difference was not significant. The serum CO, content was slightly 
subnormal in all these cases, showing presence of light acidosis. 

7. When solution of secondary phosphate of sodium was administered in 
proper doses to 13 rachitic cases, typical tetanic reaction was induced in 6 cases. 
This shows that latent tetany is present in: about 46% of rachitic cases in To- 
hoku. 

8. The Na and K contents in serum reaches the maximum value in | to 
3 hours after the tetany induction test and gradually drops thereafter to regain 
the pre-test value in 24 hours. The serum CO, content slightly decreases in 
1 hour, rerises then to reach the maximum in 3 to 6 hours and drops gradually 
thereafter to the original level. 

9. The above changes of serum Na, K and CO, contents after phosphate 
administration were always greater in rachitic than in normal subjects, and the 
severer the rickets, the larger was the rate of rise. 

10. The rate of rise of these contents was higher in tetany reaction positive 
cases than in negative ones. 
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Total Serum Base of rachitic Children 
First Report 


Total Serum Base in Normal Children 


INTRODUCTION 


A method for the determination of total base by application of benzidine 
as described by Fiske for the first time in 1922. Later in 1925, a micromethod 
for the determination of bases in blood and serum and other biological materials 
was published by Stadie and Ross in 1933, a dry ash method by Hald and an 
electrodialysis method by Adair and Keys in 1936. But determination of the 
total serum base has not been extensively used in clinical medicine because of 
the technical difficulty of the available methods. A simple and extensive 
procedure was presented by Sunderman in 1942 by the application of a con- 
ductivity method. This method has considerable advantages. Since the serum 
is not altered by the determination it may be used for other studies in the labo- 
ratory. It permits the use of small quantities of serum, and the determination 
may be completed in few minutes. Reproducible results have been obtained 
by relatively inexperienced technicians, and the equipment is not expensive. 
So this method has found wide application in clinical medicine in America. 
In Japan this method was first introduced by Yamamoto, a pediatrician at the 
International St. Luke Hospital, at the 56 Japanese Pediatric Conference at 
Chiba in 1953. The purpose of my study is to determine normal values for 
the total serum base in normal children measured by the Sunderman’s con- 
ductivity method and to compare them with those of malnutrition and rickets 
cases in Tohoku District in Japan. 


I. Total Serum Base in Normal Children 


Experimental Materials 


The samples were obtained from newborns in the Gynecological Depart- 
menty of the Tohoku University, Sendai, and the Sendai Railway Hospital. 
Almost all of the samples obtained from the pediatric age group were from 
ambulatory children in the Pediatric Department of the Tohoku University 
and infants getting mass medical examinations throughout Miyagi Prefecture. 
The sample of School children were obtained at the Attached Elementary 
School of the Tohoku University and those of adults were from volunteers among 
nurses in the Tohoku University Hospital. In no cases was there any suspicion 
that the subject had a disease process affecting his electrolyte balance. 


Jun Oishi, M.D. (Department of Pediatrics, Tohoku University Medical School, Sendai, 
Japan. Director: Prof. Tamotsu Sano) 
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Experimental Method 


The method and the necessary equipment have been described by Sunder- 
man. I used an apparatus made in Japan adjusted to the correct values of 
the total base. For the purpose of estimating the total base the following 
formula statistically derived by Sunderman for correcting protein content was 
used : ed 

T.B.=10.19 (Kx 108) 9? 4 35.16, 
where T. B.=total base (mEq/L): K x 10%=conductance x 108 at 25°C. 
(mho; and Pr=Gm. protein per 100 ml (gm/dl). Serum proteins were de- 
termined by the refractometer by Pulfrich-Reiss, and for the calculation of this 
formula Sunderman’s nomogram was used in which the values for the total 
base may be read directly upon protein measurement. 


Results 


The mean values of the total serum base in different age groups are shown 

in Table 157 and Fig. 102. 
The maximum value of total serum 
base was seen on the average, among 
Age in | No. of hve =| tom the newborns and the second largest 
Rona ined | among the infants. Between the values 
Newborns; 24 | 162.0—148.8) 152.9+2.8 of the young children and the school 
0-1 26 | 151.4—146.8| 149.3-41.4 children a variation by age was hardly 
1—6 | 101 |150.9—141.8| 146.6+1.9 noticeable, but it is significant that the 
6—12 | 114 | 151.3—142.7 147.541. adults had values varying from 140.5 
| 149 mEq. per liter, which were 


TasB_e 157. Total Serum Base 





Adults | 32 |149.0—140.5) 145.3420 ‘© 


equal to the lowest among those of 


children in some age groups. 
The variation of the values of total serum base in different age groups is 
shown in detail in Table 158. 


Tasie 158. Total Base Determinations 





Age in years a o-# | 4-1 | 1-2 | 241) 46 | 68 | 8-10 | 10-12] 12-13| Adults 
; 20rNns “ “6 
No. of cases 24 8 18 48 45 8 18 37 40 19 $2 
148.8— 146.8— 146.8— 142.5— 141.8— 144.7— 143.8—'142.7- 145.2—|145.2- |140.5— 


Range 162 151.6 151.4 150.8 150.9 148.2 150.6 151.3 151.1 152.2) 149 

Mean 152.9 149.9| 148.9 146.5 146.7 146.6 146.5 146.6) 148.5 148.8! 145.3 

—. $28 41.6 £1.3, £18 421 +£1.4) 41.9 418 41.3 4£1.9, +20 
eviation 

Confidence 


niitiiclnes +1.2 +1.3; +06 +05 +06 +03 +1.2; +06, +04 +09 +0.6 


In this table there are two peaks in the mean values of the total serum base 
of normal children, one in the newborns and infants, and the other in the group 
of 10 years old and older. 
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A statistical study was made of the 297 normal determinations. Standard 
deviations and confidence coefficients for each age group are shown in Table 
2. Comparisons were made between the 4 age groups. 

The ‘“t”’ value from the comparison between the 4 to 6-years and the 12 
to 13-year groups was 3.04. This would indicate a significant difference in 
the rate of danger (5%) in the total serum base in the 2 age groups. Com- 
parison of the $ to 1 with the | to 2 group gave a “t” value of 5.12 which is 
highly significant. The ‘“‘t” value from the comparison between the 10 to 
12-years and adults groups was 7.78. This would indicate a highly significant 
difference. The comparison of the 6 to 8 years group with adults gave a “t” 
value of 2.034 which is hardly significant. The conclusion was that there was 
statistically significant difference between the total base in children below 13 
years of age and adults. 

The difference by sex of the mean values of the total serum base in different 
age groups is shown in Table 159. 


TasBie 159. Sexual Difference of Total Base 





New- o—! \—1 | 


borns - 


nN 
No 
aS 
aN 
fo) 
io) 
oO 


10—12 12—13 


Males 154.9 149.4 148.6 146.5 146.9 146.1 | 146.1 | 146.5 147.0 | 148.5 
Females, 152.3 150.7 149.7 146.6 146.4 147.3 | 146.5 | 145.6 | 148.5 | 148.7 


From this table the difference of the total serum base between males and 
females was almost within experimental errors, so it is not too much to say that 
there is little difference by sex in the values of the total serum base in different 
age groups. 





















































Age Newborn|0~ ¥z|¥w~it|i~2\2~4 |4~b| 6~8 | 8 ~ 10} 10~i2 |i2 ~ 13| Adults 
No. g deter! 74 | g | 18 | 40 | 45 | 8 | 18 | 37 | 40 | 19 | 32 
meg 
W. 4 | 
160 
. 
156 e r 
"sete 
152 te Ns 
°° . * 
e e 
148 23 
a 333 
144 e33 
— j 
Mean 152.9 149.9 | 148.9 | 140.5 | 146.7 | 146.6 | 146.5 














Fig. 102. Total serum base determination. 
Discussion 


In 1945 Sunderman reported that the values of total serum base of normal 
adults ranged from 142.0-++149.0 mEq. per liter, and this checks closely those 
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of Hald’s procedure. A comparison of such values of the total serum base by 
Sunderman with those of other workers obtained by using different methods 
which have been found in the literature is shown in Table 160. 

From this table it may be 


Taste 160. Total Serum Base of Adults ; 
said that the values of the 











or Method ae aie | ‘Roeon total serum base by Sunder- 
e. man and Hald method are 
eis te | teedia & ae lower than those obtained 
Tisdall, 1921 | Ross ” by other methods. 
Edmond, 1990 ” 152-147, 149 A comparison of the 
Hald, 1933 —" 12 on™ 140.5 values of total serum base 
| Stadie & ue of normal children by Sun- 
Butler et., 1954 Roc 155-160) 157 derman method with those 
Keys, 1936 | die 9 oe of other workers obtained 
Sundarman, | Conducti- 50 | 142-149 146 by using different methods 
Lee ‘s vity aes is shown in Table 161. 
Leinbach, 1949 ” 73 160.5 147 From this table it may be 
seen that the serum of chil- 
Taste 161. Total Base of Children dren, especially of newborn 
ae infants and the premature, 
Reporters Method Prrsiiie Range Mean has a total base higher 
than that of adults. 
Hamilton, 1925 | Fiske 18 | 166-140 A comparison of my ex- 
Darrow & | Stadie & Sida r perimental data for Japa- 
—, 1929 | Ross ” aay wes nese children with those by 
Sneed, i992 |” 40 141.3 192-4 Kelsey and Leinbach for 
{Branning, 1942 | Hicrne =| «19 163-148 156 parse is shown in 
tReardon, et, 73 |171-152) 159 - 
1951 This table indicates that 
pre lied 1949 | Sundarman, 96 — 160-143 153 the serum of Japanese chil- 
Yamamoto, 1953 82 1454-23 dren has a total base lower 
(Japan) than that of Americans. 
Remarks: f Premature infants * newborns The cause for this racial 


Taste 162. Total Serum Base of Japanes and American Children 





Reporters | 0—2 | 2-4 46 6—8 | 8-12 | 12-14 and ide 


Oishi, 1954 149.5+ 1.7 146.7421 146.6+1.4 |146.5+1.9 147.5215 


| 


~ | 
148.8+41.9 45.320 





Kelsey & 


| boa ead 
Leinboch, 1949 152-9-4.23 153.7 2.24 153.5 44.68 151.6-+4.68 153.2-4.44 148,345.39 146.8-42.12 


! ' 


difference is to be found in the nature of the Japanese staple food which 
contains little sodium salts. 








by 
ds 


he 
ise 
in- 
se 


ds 


be 
il- 
rm 


lat 
il- 
yer 











Total Serum Base of rachitic Children 931 


SUMMARY 


1. Values of the total serum base in 265 normal children under 13 years 
of age and 32 adults were determined by the conductivity method. 

2. The values of newborns were the highest, falling between 146.8 and 
162.0 mEq. per liter with the mean at 152.9 mEq. per liter. Those of infants, 
ranging from 146.8 to 151.4 mEq. per liter, were the second. Those of young 
children and school children were almost the same. Standard deviations and 
confidence coefficients for each age groups are given. 

3. The values in 32 adults varied from 140.5 to 149.0 mEq. per liter and 
the mean was 145.342.0 mEq. per liter. A statistically significant difference 
between the total serum base in children and adults was found. 

4. No sexual difference in total serum base was noticed. 

5. There was a racial difference in base between Japanese and American 
children. The principal reason is to be found in the difference in the staple 
food taken in both countries. 
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Second Report 


Total Serum Base in Dystrophy and Rickets Cases 
in Tohoku District 


DysTROPHY 


It is accepted that in dystrophy there is a metabolic disturbance regarding 
various elements in nutriments, but in respect to the metabolism of water and 
electrolytes the data of individual workers are not always in agreement. No 
report on the values for the total serum base in dystrophy has been found in the 
literature but there is a few on those of serum sodium in dystrophy which oc- 
cupies about 93 per cent of the total serum base. The purpose of my study is 
to determine the mean value of the total serum base in dystrophy and to compare 
them with those of normal children in Tohoku District measured by Sunderman’s 
method. 


Materials of the Experiment 


All of the samples were obtained from out-patients and hospitalized cases 
in our Department and those of the Sendai Infants Nursery. In our Clinic 
dystrophy is divided into two groups, severe and light. The former comprises 
those with a deficit of 30 per cent or more against the normal (standard) weight 
for the age, the latter with that of 20 to 29 per cent. 


Method of the Experiment 


The method is the same as that described in my first report. 


Results 


The data obtained from 12 severe and 21 light dystrophy cases are shown 
in Fig. 102(a). The values of the 








Ww. total serum base in severe dystro- 
% phy ranged from 143.2 to 149.6 
50 a 2 aaa,4 e 2s mEq. per liter, and the mean 
70 .* yrigi ss a value of the total serum base 
. = here obtained was 147.0+1.8 
60 a mEq. per liter, which agreed ap- 
50 proximately with those in normal 
children 2 years old in my pre- 

vious report. 
AF 146 48 1501S, The values of 21 light dystro- 
phy cases varied from 143.5 to 
Fig. 102(a). Total serum base of dystrophy. 152.0 mEq. per liter and the 


mean value was 147.5+-2.1 mEq. per liter. A statistical study was made of the 
two groups. The ‘“‘t” value from the comparison between the two groups 
was 0.69 which is not significant. (Fig. 102(a)) 
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Discussion 


In 1922 Utheim, in 1923 Marriott, in 1949 Gollan and also in 1952 Yamada 
recognized a reduction of serum sodium in dystrophy. In 1933, however, 
Toeroek asserted that in dystrophy the value of serum was not definite. It is 
not possible to differentiate and to compare various grades of dystrophy because 
of individual variations. So it is natural that the data published by various 
workers in dystrophy are not always constant. 


SUMMARY 


The values of the total serum base in 12 severe dystrophy cases varied from 
143.2 to 149.8 mEq. and the mean was 147.0+1.8 mEq. per liter. The values 
in light dystrophy ranged from 143.5 to 150.2 mEq. per liter, and the mean was 
147.5+2.1 mEq. per liter. The difference between the two groups was not 
noticeable statistically. 


RICKETS 


In the literature, investigations on electrolyte metabolism in rickets have 
been almost limited to those on serum calcium and inorganic phosphorus. There 
are few investigations on serum sodium and potassium in rickets, not to speak 
of the total serum base. I shall attempt to examine the values of the total 
serum base in rickets with severe and light dystrophy in Tohoku District. 


Materials of the Experiment 


All of the samples were obtained from out-patients in the Pediatric De- 
partment and those subjected to mass-examination in Tohoku District. Rickets 
is divided in two groups, eutrophic and dystrophic by clinical signs. It is also 
divided into severe and light by X-ray findings. 


Results 


1. Fig. 3 illustrates the values of the total serum base of 40 severe and 
86 light eutrophic-rickets. The values of the total serum base in infants ranged 
from 146.0 to 149.7 mEq. per liter and the mean was 147.8-+-1.1 mEq. per 
liter, which was slightly lower than that of normal infants. The values of 
infants, 1 to 2 years of age, varied from 147 to 151.8 mEq. per liter and the 
mean value was 149.7+1.4 mEq. per liter, which was higher than that of normal 
children of the same age. The values of the infants 3 years of age or older 
varied from 147.0 to 150.4 mEq. per liter and the mean value was 148.6 mEq. 
per liter, which was also higher than that of the control. 

The values of the total serum base in infants with light rickets ranged from 
147.5 to 151.8 mEq. per liter and the mean was 149.4+1.1 mEq. per liter, 
which in higher than that of infants with severe rickets. The values of infants, 
1 to 2 years of age, varied from 147.8 to 156.6 mEq. per liter and the mean 
value was 149.9+0.9 mEq. per liter which almost agreed with that of severe 
rickets of the same age. 
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2. The values of the total serum base in dystrophic rickets are shown in 
Table 162(a). The values of 7 severe rickets with severe dystrophy varied from 


TaBLe 162(a). Total Base of Rickets with Dystrophy 





| No. of de- Neti in Standard Cofidence 
termination 8 Pa deviation | coefficient 
S.R. ; | 
SD. 7 152.8—147 149.4 +1.7 +1.6 
S.R. ; P | 
LD. 21 151.9—146.8 148.9 +1.7 | +0.6 
LR. , peal | 
SD. 6 148.5—147.3 147.7 | +0.2 +0.2 
LR. | ood | 
LD. 27 | 150.8—147.3 149.2 +1.1 | +0.4 
Remarks S.R._ severe rickets with L.R.__ light rickets with 
S.D.~ severe dystrophy S.D.~ severe dystrophy 
S.R._ severe rickets with L.R._ light rickets with 
L.D.~ light dystrophy L.D.~ light dystrophy 


147.0 to 152.8 mEq. per liter, and the mean value was 149.4+1.7 mEq. per 
liter. The values of 21 severe rickets with light dystrophy ranged from 146.8 
to 151.9 mEq. per liter and the mean value was 148.9+1.7 mEq. per liter. The 
values of light rickets with severe dystrophy varied from 146.8 to 151.9 mEq. 
per liter and the mean value was 148.7+1.7 mEq. per liter. The values of 
light rickets with light dystrophy ranged from 147.3 to 150.8 mEq. per liter 
and the mean value was 149.2+1.1 mEq. per liter. The conclusion is that 
no difference was seen between the eutrophic and the dystrophic case in my 
experiment except the values of light rickets with severe dystrophy which were 
the lowest. 

A statistical evaluation was 








ia made of these data. A com- 
” ~ . _ parison was made between these 
> 35,8 si four groups. The “t” value 
_—— or a8 : ‘ from the comparison between the 

150 g°os, > en 7" z severe and light eutrophic rickets 
°s 9,70" 27359 . 4 in infants was 5.55, which is high- 

a 'ass oa ” ly significant. A comparison of 

~ S i “2 wi * the light rickets with severe dy- 
aces a 25 9 strophy with the light rickets with 

ao CO , light dystrophy gave a “t” value 

Mb ° of 3.40, which is significant. The 
“t’? value from the comparison 

between the severe rickets with 

144 * severe dystrophy and the light 
rickets with severe dystrophy was 

4 F : ry 2.37, which is slightly significant. 


Fig. 102(b). Total base of rickets. A comparison of the severe rickets 








aia nme eel retlUlC(Ci KC lek 


as 














Total Serum Base of rachitic Children 935 
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with severe dystrophy with the severe rickets with light dystrophy gave a “ t 
value of 0.66, which is not significant. (Fig. 102(b)) 

3. The variation in total serum base in the provocation test in rickets: 
In order to discover latent tetany in rickets we adopted the Warkany’s load 
test by giving 0.5 gm. per Kg of sodium phosphate to rachitic children in our 
clinic as provocation test. The variations in the total serum base in rickets 
with latent tetany were examined by this test. The values of the total serum 
base when convulsions of tetany occured in this test are shown in Fig. 102(c), 
and the negative cases in Fig. 102(d). No difference in the elevations for the 
total serum base between the two groups was observed, but in latent tetany 
the elevation of the total serum base stopped after 24 hours. 

On the contrary, in the negative cases the values of the total serum base 
after 24 hours were lower than those before the administration of phosphate- 


(Figs. 102(c) & 102(d)) 














We Ig “y. |g 
156 |= 156, = 
155 =} 155 <4 
154 154 
153 153 
152 152 
‘51 51 
150 150 
144 149 
148 148 
147 147 
By. 1 3 6 24h. Bf. 1 3 6 24h. 
The variation in the total serum base in richets by provocation 
Fig. 102(c). Tetany positive. Fig. 102(d). Tetany negative. 


Discussion 

In 1923 Gamble, Ross and Tisdall reported the value of the total serum 
base in a patient with tetany as 149.2 mEq. per liter determined by Kramer and 
Tisdall method in their works on the acid-base equillibrium of teatany. They 
showed that the total serum base in human bodies always remains constant by 
the excretion of the fixed base in urine. 

In 1925 Hamilton also reported the values of the total serum base in 4 
patients of tetany as 140, 154, 154 and 158 mEq. per liter. 

In my work the values of the total serum base of tetany cases were slightly 
higher than those of normal children. 


SUMMARY 


The difference in the values of the total serum base between the severe and 
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the light eutrophic rickets was recognized only in infants and it was statistically 
significant. Except in infants, the values in the eutrophic rickets were within 
the upper part of the normal range. The values in the dystrophic rickets were 
also within normal limits. No difference was noticed in the values of the total 
serum base between the dystrophic and the eutrophic rickets. When sodium 
phosphate was loaded in rickets, convulsion occurred in latent tetany. The 
values of the total serum base in latent tetany is also reported. 


REFERENCES 


1) Utheim, K. J., Met. Res., 1922, 1, 803. 2) Mariott, W., Mschr. f. Kinderh., 1923, 
25, 426. 3) Choremis, Konstantinides, Kisa ef al., Zschr. f. Kinderh., 1952, 71, 202. 
4) Gollan, J. Clin. Invest., 1948, 27, 352. 5) Hamilton, Acta Paed., 1934, 15, 314. 
6) Piana cit, Zbl. Ges. Kinderh., 1931, 25, 717. 7) Toeroek cit., Zbl. Ges. Kinderh., 
1933, 27, 246. 8) Heyman, J. Exper. Med., 1936, 64, 471. 9) Bernstein, Mtchell, 
J. Lab. Clin. Med., 1940, 26, 521. 10) Hamilton, J. Biol. Chem., 1925, 65,101. 11) 
Gamble, Ross, Tisdall, Amer. J. Dis. Child., 1923, 25. 








i 
I 
I 
t 
t 


S 














Tne Tohoku Journal of Experimental Medicine Vol. 64, Supplement (IV), March, 1956 


Gastric Acidity in Rickets 


INTRODUCTION 


There are numerous investigations of the gastric acidity in infants and 
children but a few of them in rickets. Almost all the test meals adopted by the 
workers were breast milk, cow’s milk or thin rice gruel and contained more or 
less buffer substances, it is therefore impossible to say that the data reported by 
these workers meant the true gastric acidity. Calcium is generally absorbed 
from the upper parts of the small intestine, especially in duodenum and it may 
be said that vitamin D is associated with the absorption of calcium and has its 
physiological action to acidify the hydrogen in concentration of the intestinal 
canals. So it is natural that the acidity of the gastric contents has the serious 
influences on the upper parts of duodenum. 

The purpose of my study is to determine the gastric acidity in rickets by 
the Katsch-Kalk method and to observe the variation of its acidity, before and 
after the administration of Vitamin D. 


Experimental Materials 


Almost all of the samples obtained here were from the rickets in Tohoku 
District which had been unexpectedly discovered by X Ray findings in the 
medical examinations of infants and young children. As control I examined 
the gastric acidity of normal children and the inpatients of the Pediatric Depart- 
ment of the Tohoku University. 


Experimental Method 


I used the Katsch-Kalk method which was described in infants by Steimann 
in 1936. The acidity values were obtained by the familiar Topfer quantitative 
procedure, using demethylaminoazobenzine for free hydrochloric acid and 
phenolphtalein for total acidity. The values of total chloride in gastric con- 
tents and serum were obtained from the Rusziniak micromethod and those of 
total serum base were by the Sunderman conductivity method. 


Results 
1) Total acidity in rickets 
Table 163. illustrates the relationship between the age of years and the 


severity of rickets by X-Ray findings. Almost all of the severe rickets were the 
cases aged from | to 3 years. According to most investigators the acidity in 
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Tas.e 163. Gastric Acidity in Rickets 














| | XR Maximum value Serum 
No. Age | Sex | posed ——______——| Cdl _ 
| | 8 | Free Acid | Total Acid | Cl Serum 
1 12— 3 Q {Ht 65 88 392 393 | 151.7 mEq/L 
7 2— 8 2 tHt 49 64 
3 2— 0 r.) tit 63 76 350 370 153.0 
+ 1—10 3 tH 22 34 
5 | 5 ko} ut 10 14 328 387 148.5 
6 1— 0 6 | 33 43 398 393 150.3 
7 3— 2 2 tt 12 16 325 364 148.4 
8 | 2—3 2 tt 10 18 240 386 151.3 
9 2—10,| 6 tH 0 + 273 374 | 147.3 
10 | 2—6!} @ tt 12 23 243 | 150.8 
11 2— 2 9 oe 35 57 
12 | 2—2 co} a 20 30 $20 | 333 | 
13 | 2-0] ¢ HH 32 | 43 | 
14; 1—9]| @Qg - 23 47 296 | 147.2 
15 o—11 2 oro 40 56 352 | 390 | 147.2 
146 | I—7| 6 os 15 24 226 | | 148.4 
17 | 1—5} 6 t+ 15 26 287 | | 148.3 
18 | 2—6| Q tt 0 2 235 | 
19 1-9] ¢ H 0 2 217 | | 
20 | 2—5!] 6 + 29 43 347 | 396 | 147.1 
21 | 2-6} 6 | # 17 24 282 | | 151.9 
22 | 1—9| 6 a 0 3 203 | 151.4 
23 | 1—10 g a 65 86 347 148.9 
24 | O—11!| 6 + 0 4 221 147.8 
25 | 2-0] 9 + 9 23 | 
2% | 4-7] 9 + 32 | 41 251 151.5 
ot i Fi SB on 39 45 343, ave | 
Tas.e 164. The Relationship of the Gastric Acidity infants and children was 
and the Severity of Rickets by X Ray Findings lower than that of adults. 
But there is no standard 

Hyperacid | Normacid | Hypoacid §Achlorhydria a. 

—— Sikecnass Faas ; . of acidity in infants and 
tHt 3 2 | 4 1 children, so I adopted the 
= : 9 3 standard of adults itself in 
+ I 1 l 1 rickets, showing in Table 


146. From this table it 
may be said that in general the severe rickets showed the increased gastric 
acidity and the light showed the decreased. The average values of the gastric 
total acidity in 15 control were 26.0+18.3 and those of rickets were 35.0 
+25.4. But statistically it was not significant. 

2) Free acidity in rickets 


Achlorhydria in 27 rickets was found in 5 cases. The average values of 


free acidity fell 15.72+15.6 in control and showed 24.0-+14.3 in rickets. Statisti- 
cally it was not significant. 

3) Total chloride in rickets 

The normal values of total chloride in gastric juices in adults are recognized 
generally as 350 to 400 mg/dl and it is natural that the value of infants and 
children is lower than that of adults. The mean value of 7 controls was 276.0 
+22.4 mg/dl and showed 314.0-+-58.7 mg/dl in rickets. ‘Total chloride in 
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gastric juices runs generally parallel to the serum chloride and total base but 
it was not always so. 

4) Emptying time in rickets 

The difference between the two groups was not recognized. But generally 
delayed emptying time was found in severe rickets and the rapid emptying of 
the stomach was closely associated with the increase of the gastric acidity by 
the administration of vitamin D,. 

5) The variation of the gastric acidity by the administration of citric acid. 

Table 165, illustrates the variation of the gastric acidity in rickets by the 
administration of citric acid. From this table it may be said that citric acid 
restrains the secretion of the gastric chloride. 


Taste 165. The Variation of the Gastric Acidity in Rickets by 
the Medication of Citric Acid 





Before the Medication After the Medication 
No. | Age Sex 


Free Acid | Total Acid | Cl | Free Acid | Total Acid Cl 


| 1—0 2 40 56 San | 27 | 42 326 
4 1—0 r.) 33 43 | sa 4 19 | 28 321 
3 | 13—0 2 65 86 392 42 56 374 
4 —3 2 2 47 | 3396 | 0 8 277 


6) The variation of the gastric acidity by the administration of vitamin D, 
The data of the gastric acidity in rickets, before and after 1, 4 and 8 weeks 
of the medication of vitamin D., are shown in Table 166. 


Tas.e 166. The Variation of the Gastric Acidity by 
the Administration of Vitamin Dg, 





Free Acidity Total Acidity 


Method of the 


admin. 


Bef. lw. 4w. 8w. Bef. lw. 4w. 8w. 


2-3 | 92 | Oral 1,350,000 | 35 23 14 28 | 57 39 56 40 
a heees 2 | Massivel,200,000, 20 33 99 27 | 30 47 27 40 
Doses | 
eS 2 a ~ 32 42 34 18 | 43 52 45 25 
4;/28/] Q = ® 12 49 19 31 | 21 64 18 47 
5 | 23 |. s ” ” 23 0 | 45 9 
74927 2 i . 65 54 | 70 | | 88 76 86 
8 1-5 | 2 | Oral | 10 20 28 i2 | 14 27 54 24 
9 | 0-11! 92 | Massive 600,000 | 40 27 | | 56 42 
| Doses | | 
10. | 10 6 | Oral 12,500,000) 33 74 } 43 | 92 
ll 0}; 2 | » ” 12 10 | 16 | 22 


The results of this experiment was not always constant bu most of all the 
florid rickets showed the increased gastric acidity after | or 4 weeks of the medi- 
cation of vitamin D,. On the contrary, after 8 weeks when almost the healing 
of rickets by X-ray findings in light rickets took place, the decrease of gastric 
acidity or achlorhydria was recognized. The curves of free acidity in rickets, 
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rickets before the medical treatment. 
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Fig. 105. The curve of the free hydrochloric acid in 


rickets after 4 weeks of the administration of vitamin Dg. 





before and after the ad- 
ministration of vitamin 
D., were markedly differed, 
as shown in Figs. 104 and 
105. That is to say, the 
early appearance of free 
acidity after the medication 
of vitamin D, was recog- 
nized. Fig. 103. illustrates 
the curve Of the free acid- 
ity in a patient of florid 
rickets after the medica- 
tion of citric acid and vita- 
min D,. The marked in- 
crease of acidity after the 
medication of vitamin D., 
and on the contrary, the 
decrease after that of citric 
acid, were noticed. 

7) The relationship 
between the gastric acid- 
ity and pH of saliva in 
rickets 

The contrary relation- 
ship between the gastric 
acidity and hydrogen ion 
concentration of saliva in 
rickets was recognized as is 
shown in Table 167. This 
fact was demonstrated by 
Reindel in 1940 in adults. 


Discussion 


Considering that rickets 
resulted simply from a lack 
of calcium in the body, it 
was quite natural to sup- 
pose that one of the fac- 
tors which caused this ill- 
ness was a deficiency of 
hydrochloric acid secreted 
by the stomach. Now 
that it is well-known that 
rickets is not due to a 
deficiency in the intake of 








ad- 
nin 
ed, 
ind 
the 
ree 
ion 
og- 


ites 


rid 
ca- 
ita- 
in- 
the 
De, 
the 
ric 


hip 
id- 
in 


on- 
Tic 
ion 

in 
sis 


his 
by 
Its. 











Gastric Acidity in Rickets 


241 








Taste 167. pH of Saliva and the calcium, the concept of a diminished 
Gastric Acidity in Rickets hydrochloric acid secretion lost its prior 
| | Gand tides foundation. In my experiment, the 
| yas Ss . : 
No. | Age =o : sem _ severe rickets showed the increased 
| Free Acid. Total Acid. acidity, in general. Now that the 
1 | 137 62| 54 | 79 mechanism of vitamin D, actions has 
66 | 7 |) not been completely cleared, it may be 
2) +8 | < | = | 2 supposed that the increased gastric 
| | 5. | 4a i : os 
3/23 )| 64! 33 47 acidity by the administration of vita- 
| | ai FF |; * min Ds, promotes the absorption of 
4 | 2-3 | 63| 29 39 valci -difvine th e 
| | 6.3 | 28 | 40 caiclum, acidilying the upper parts o 
5 | 2-9 | 62 | 9 18 the small intestine, especially duode- 
sin | 4 nr 
6 | 1-11] 63 | 0 9 — 
| 6.2 0 l 
7 2—2 6.3 38 54 : = 
66 59 70 SUMMARY 
. = a | ro bs The gastric acidity in 15 controls 
9 | 2-6 | 64 | 0 4 and in 27 severe rickets by the Katsch- 
10 1_9 | y ; Kalk method was examined. The 
>. y * 4° . . 
| 64 | 0 5 mean value of total acidity in rickets 
11 I—8 | oe a = showed 35.0+25.4 and in control fell 
| De , 2 oF € 
12 | 9-8 | 66 5 17 26.0+ 18.3. 
13 15 i | = Me The mean value of free acidity in 
‘ al 58 io | rickets was 24,0-+-14.3 and in control 


15.7+15.6. The mean value of the 
gastric chloride was 314.0-+-58.7 mg/dl and in control 276.0-+-22.4 mg/dl. The 
decreased acidity was recognized after the medication of citric acid. On the 
contrary, after the medication of vitamin Ds, the increased acidity, especially 
the early appearance of free acidity was proved in this experiment. 
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The Total Blood Iron Content in 
Rachitic Children 


I. Total Blood Iron in Normal and Rachitic Children 


INTRODUCTION 


Iron is an element utterly indispensable to living organisms. It is wel 
known that it is not only an essential constituent of the respiratory enzyme 
that directly controls the life of tissues, but also an element of highest importance 
in the metabolism of hemoglobin. 

The largest majority of the iron content in blood resides in the blood cells. 
Walker et al. (1938) have reported that only about 0.1 mg. of iron is contained 
in 100 cc. of serum or plasma. Accordingly, it seems that about 0.2% of the 
total blood iron is contained in the plasma, and by any possibility considered, 
the percentage never can exceed 5%. Thus, more than 95% (probably more 
than 99%) of the iron content in blood is contained in the blood cells, and 
according to Barkan and others (1937), most of the content is located in hemo- 
globin and a smaller part in the decomposition product of hemoglobin. Thus, 
we may safely assert that the blood iron content depends on the quantity of 
hemoglobin. The iron content of hemoglobin in turn, according to Butterfield, 
(1909), amounts to 0.355%. 

There have been many works reported on the correlation between rickets 
and anemia, but none on the change in blood iron content in rachitic children, 
based on direct measurement of the content in such subjects. So the author 
of this paper will report in the following on the results of his investigation con- 
cerning the blood iron content in normal and rachitic children in Tohoku 
District. 


Bioop IRon ConTENT IN NORMAL CHILDREN 


1. Experimental Subjects 

As subjects, 33 sucklings, 28 infants and 14 primary school children of 
excellent constitution and nutrition and clinically diagnosed as perfectly healthy 
were selected from among the children that were brought to the Pediatric De- 
partment of the Tohoku University Hospital for health examination or for 
consultation on nursery problems within the period from May 1952 to May 
1954. 

2. Experimental Methods 

For sampling blood, an incision of about 1.5mm. depth was made in one 
of the earlobes of the subject and 0.10 cc. of it was taken with a pipette for 
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TABLE 168. Fluctuation of Values by Tasie 169. Fading of Rhodan-iron 
the Measurement Solution by Time 
Iron content y4.44 AB 5min. | 10min.) 15 min. 
: ‘ of whole aes x 100 . 
Name No. blood o-\| (mgz) B a 
00¢ (mg o) RB (26) 50 mg (10022) 99.022 | 97.894 | 96.822 
é 40 mg (10022) | 98.022 | 96.726 95.626 
l 41.5 —0.7 30 mg (100%) | 97.522 | 95.922 | 95.022 
2 42.1 +0.7 Z 5 os | 95.202 + 
NG 3 418 41.84 a 20 mg (10022) | 97.02 | 5.2% | 94.02 
4 42.7 +1.3 
5 41.5 —0.7 


measurement. In the case when the 


: m4 +33 bleeding from the earlobe lacked 
K.M.| 3 32.8 33.12 —0.9 sufficient vigor, about 0.5 cc. of 
; qd ti blood was drawn from the cubital 


vein with a dry syringe and 0.10 cc. 
of it was used for the experiment. For assuring precision, two measurements 
with the samples from the same subject were made in succession. 

The micro-quantitative method by Pincussen was used. The fluctuation 
in the measured values of the blood iron content in the same subject was as 
shown in Table 168, the largest errors recording +1.3% and —2.4%, indicating 
that the method is precise enough for the experiments. Now, the greatest 
source of errors in this method lies in the fading of iron rhodanide with time, 
as illustrated in Table 169. So, if the measurement is completed within 5 
minutes after the coloration, the error may be kept within 3%. 

3. Experimental Results 

1) Difference by age 

When the subjects are divided into the groups of sucklings, infants under 
2 years and over and school year children, the results of measurement may be 
tabulated as shown in Table 170. ‘The mean values stand at 43.66 mg./100 cc. 
(abbreviated to mg. °%, hereunder) in sucklings, at 45.71 mg. % in infants 
and at 47.92 mg. %, in school children, showing a gradual increase with age 
(except in newborns, as detailed below) and a difference of statistical significance 
of 5% in risk between the values of sucklings and school children. By dividing 
the sucklings known to show a wide fluctuation in hemoglobin content into the 
groups of those between 14 and 3 months, between 3 and 7 months and 7 and 
12 months, the results shown in Table 3 are obtained, the group of 14-3 months 
showing the lowest value of 41.62 mg. %, the value rising to 44.25 mg. % in 


Taste 170. Blood Iron Content in Normal Children by Age (mg%) 





Age Cases Max. Min. Mean Standard deviation 
Ik~ 3m 10 44.8 38.7 41.62 +3.43 
3~ 7m 12 48.5 40.0 44.25 +3.93 
7 ~12m 11 47.0 40.7 43.68 + 1.84 
1j~21 m ao 48.5 38.7 43.66 +3.27 
I~ 2y 13 53.3 38.9 44.68 +3.99 
2~ by 15 54.3 40.4 45.71 +3,.52 
6 ~l2y 14 52.2 43.8 47.92 +2.49 
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the group of 3-7 months but falling again to 43.68 mg. % in the latter half of 
the suckling age of 7-12 months but there is no statistically significant difference 
between the values. The total average of the sucklings stands at 43.66 mg. % 
as shown above. 


TasBie 171. Blood Iron Content in Normal Children by Sex (mg®,) 





Male Female 

Age No. Max., Min.' Mean Standard No. Max.| Min. Mean Standard 

‘ cases deviation Cases deviation 
lk~ 3m 5 44.8 41.0 41.74 +1.78 + 44.3 | 38.7 41.50 +2.28 
3~ 7m 7 44.5 40.0 44.40 + 3.09 5 46.4 | 41.6 44.04 +1.70 
7 ~12m 7 47.0 | 40.7 43.77 +1.99 + 44.4 | 42.2 43.52 +1.14 
l~ 2y 7 53.3 | 38.9 | 44.84 +3.72 6 50.5 | 39.7 45.01 + 3.99 
2~ 6y 8 54.3 | 41.3 45.80 + 3.80 7 48.8 40.4 45.61 + 3.39 
6 ~l2y 10 57.0 | 45.0 48.80 +3.79 6 49.4 43.8 46.55 +1.77 


2) Difference by sex 

The measured values tabluated by sex 
and age groups are shown in Table 171 and 
Figure 106. There is little difference by 
sex in any age group, except in school 
age, where the boys show the value of 
48.80 mg. %% in average, while the girls a 
lower mean value of 46.75 mg. %, but the 
difference is not statistically significant. Fig. 106. Fading curve of rhodan- 

4. Summary and Discussion iron solution by time. 











Reports on the blood iron content in human adults have not been rare, 
e.g., by Murphy (1931), Helmer (1931), Sachs (1933) and Jenkins (1937), but 
studies on the same in children have been rather few, as far as I am aware. 
Gallo (1924) reported the values of 34-55 mg. % in newborns, Halfer (1930) 
those of 35-50 mg. % in newborns less than 2 months and of 20-40 mg. % in 
children between 3 months and 8 years of age, while Kotikoff (1931) obtained 
the mean value of 40-45 mg. % in sucklings, the maximum value of 61 mg. % 
being laid in newborns less than 1 month after birth and the minimum of 38 
mg. % in sucklings of 9 months, and Sobel (1933) says that the value stands 
between 40 and 50 mg. % in children from 3-12 years of age, averaging 43.9 
mg. %. Komagamine (1941) who made detailed observations in 123 healthy 
children as subjects reported that the blood iron content averages 67.17 mg. % 
in newbornes, 55.16 mg. % in sucklings less than 1 month, 44.85 mg. % in those 
less than 6 months, 43.04 mg. % in those less than 12 months, 43.34 mg. % in 
infants and 51.26 mg. % in primary school children, the minimum value just 
falling on the period of weaning. 

The results obtained from my measurements show that the minimum value 
comes in the age group of h}-3 months. Sachs also places the minimum in 
the 3rd month after birth, and Smith (1955) asserts that the hemoglobin content 
shows a sharp drop around 3 months after birth and that the iron content released 
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by hemoglobin is transformed into iron reserve, so that the decrease in blood 
iron in this period has a physiological significance. My results also revealed 
a lowered value of 43.68 mg. % in the latter half of the suckling age from the 
44.25 mg. % in the preceding, and Elvehjem (1933) reports similar results with 
hemoglobin content. This low blood iron content in the weaning period seems 
to be due to difficulty in the iron supply to keep pace with the rapid growth 
seen in this period. 

The results obtained by Komagamine in his study on the difference by sex 
of the blood iron content showed that the values were rather higher in girls than 
in boys, but my investigation resulted in little difference by sex up to infancy, 
the school girls showing a mean value somewhat lower than that of boys of the 
same age and a tendency similar to that in adults. 


Bioop IRON 1n RAcHITIC AND DysTROPHIG CHILDREN 


1. Experimental Subject 

The measurements were made with samples of blood taken from 21 sucklings, 
24 infants below 2 years, 21 infants over 2 years and 5 school children, 71 in 
total, selected from the children who visited the Pediatric Department of the 
Tohoku University Hospital and diagnosed as rachitic and from the sucklings 
and infants who attended the mass health examination of children held at 
various places in Tohoku District and diagnosed as rickets by X-ray findings 
of the wrist joint and clinical symptoms, within the period of May 1953 to May 
1954. The subjects were divided into the groups of severe and mild, according 
to the standard based on X-ray findings and clinical observations as laid down 
by the Pediatric Laboratory of Tohoku University Hospital. The measure- 
ments were made chiefly with severe cases as subjects. 

As severe dystrophic subjects were chosen 15 sucklings and infants les 
than 3 years of age, from the inmates of the Sendai Municipal Nursery and in- 
and ex-patients of our Pediatric Department that showed exceedingly poor 
nutrition and weighed less than 70% of the standard body weight of Japanese 
children compiled by Saito and Shimizu. 

2. Experimental Results 

1) Difference by Age 

As shown in Table 172 and Figure 107, the mean values of total blood iron 
content in rachitic children registered 38.19 mg. % in sucklings, 38.56 mg. % in 
infants less than 2 years, 41.35 mg. % in infants above that age and 44.64 mg. % 
in school children. These values are all lower than the corresponding values 
in normal children, and in particular the sucklings and the infants less than 


TaBLe 172. Blood Iron Content in Rachitic Children by Age (mg%) 





Age No. cases Max. Min. Mean Standard deviation 
3~12m 21 47.0 24.6 38.19 +5.44 
I~ 2y 24 48.3 29.9 38.56 +5.31 
2~ by 21 48.1 27.7 41.35 +5.69 


6~12y 5 49.5 41.1 44.64 +5.41 
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Age |15~3M| 3~6M |6~12M| X~7Y| 1~2Y | 2~6Y| 6~12Y 
Cases| 10 12 17 33 13 15 14 
mp 
. 
e ° 3 
504 8 
: P 8 g 3 3 
. 8 3 > Lot ° 
bof rtrtey| Tee f° 

40 - 8 & ! ° e ° 
304 @----4- Male 
o-----|-Female 
Mean | 41.6 | 44.3 | 43.7 | 43.7 | 44.7 | 45.7 | 47.9 
































Fig. 107. Distribution diagram of blood iron content in normal children by age and sex. 


2 years of age showed difference obviously significant statistically. That is to 
say, the rachitic children in the tender age of less than 2 years showed subnormal 
blood iron content in more numerous cases than those of maturer age. 

The tendency of the blood iron to increase was the same in rickets as in 
normal children. 

2) Difference by Severity of Rickets 

Table 173 shows the results of measurements upon dividing 28 subjects who 
were rachitic but free of any complications including dystrophy into the groups 
of severe and mild cases. The mean value of the mild cases stood at 41.65 mg. % 
and that of the severe cases at 39.85 mg. %, but the difference was too slight 
to be statistically significant. I must, however, point out that while there was 
not one case among the mild ones who showed a value below the minimum limit 
of blood iron in normal children (38.0 mg. %), among the severe cases, as many 
as 10 (45% of the total) had such sub-limit values. That is to say, there were 
many cases among the severely rachitic children who had considerably lowered 
blood iron content, but some among them showed hardly any diminution of 
the value or even rather supernormal high values. 


Tase 173. Blood Iron Content in Light and Severe Rickets (mg®,) 





Rickets No. cases Max. Min. Mean Standard deviation 
Light 6 47.3 38.6 41.65 +3.31 
Severe 22 48.3 30.3 39.85 +6.32 


3) Change in blood iron content following complication of dystrophy 

In his prearranged report at the 57th General Meeting of the Japanese 
Pediatric Society in May 1954, Prof. Sano pointed out that there are many 
dystrophic cases among the rachitic children in Tohoku District and proposed 
the subdivision of rachitic cases into those with and without dystrophy—‘“ dystro- 
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Taste 174, Body Weight in Eutrophic and Dystrophic Rickets (%) 





Rickets No. cases 
Eutrophic rickets 
Severe dystrophy 15 


Max. Min. Mean 
11592 92% 97.9% 
6922 57% 63.426 








Taste 175. Blood Iron Content in Eutrophic and Dystrophic Rickets (mg%,) 

No. cases Max. Min. Mean _| Standard deviation 
Normal 39 53.3 38.9 44.37 +3.18 
Eutrophic rickets 10 47.6 36.0 41.50 | +4.61 
Severely dystrophic rickets 15 43.4 24.6 36.56 | +5.53 
Severe dystrophy 15 45.3 30.0 37.23 +4.19 


‘ 


phic rickets’? and 


‘eutrophic rickets’’—for clinical purposes. 


The blood iron 


content and the mean body weight as tabulated by the groups of eutrophic and 
dystrophic rachitic children below 3 years of age are given in Table 174 and 175 
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Fig. 108. Distribution diagram of blood 
iron content in rachitic children by age. 
O----- © Average value in normal 
children. 
i Average value in richitic 
children. 


respectively. We see that while the body 
weight of the eutrophic rachitic cases 
averages 97.9% of the standard weight, 
the mean weight of the dystrophic rachitic 
children was only 64.4% of the standard. 
The blood iron content of the eutrophic 
rachitic cases averaged 41.50 mg. %, of 
the severely dystrophic and _rachitic 
children 36.56 mg. % and of the severely 
dystrophic but non-rachitic children 
37.23 mg. %, in contrast to the mean of 
44.37 mg. % of normal children of the 
same age. ‘Thus, a complication of dystro- 
phy causes a marked tendency of decrease 
in blood iron content, so that statistically 
significant difference appears between 
eutrophic and dystrophic rachitic cases. 

4) Relation between red cell count 
and hemoglobin content, and blood iron 
content in rachitic cases 

The data obtained by simultaneous 
measurements of red cell count, hemo- 
globin content (by Sahli’s method) and 
blood iron content are shown in Table 176. 


The blood iron content and the hemoglobin content change approximately in 


direct proportion to each other. 


This is of course natural when the hemo- 


globin content is determined from the blood iron content by using Butterfield’s 
coefficient, but when the hematin hydrochloride method is followed, the hemo- 
globin content has a tedency to show itself in higher values. 


Even in the cases where the blood iron content is subnormal, the red cell 














ion 


‘on 
nd 
75 
dy 


tic 


US 
10- 
nd 
/6. 
in 
10- 
$ 


10- 


ell 








The Total Blood Iron Content in Rachitic Children 949 


Tas_e 176. Blood Iron Content, Hemoglobin Content and Red 


Corpuscules in Rachitic Children 





Hemoglobin Hemoglobin 
: ’ a RBC (gs %) Iron of calculated 
No. | Name Age Sex fadin ae ro whole blood from iron of 
ing (Million) Sahli Ke 1 

Pies (mg 22) | whole blood 
(gs % 
| M.H O~ 9 $ + 5.38 8.1 27.7 8.2 
a A 8 0O~10 Q He 4.70 11.0 37.9 it 
3 5 ee O~ 7 6 ++ 4.88 10.7 39.9 11.9 
4 | 3.0 O~ 6 r.) He 4.90 10.5 36.5 10.8 
i x 0O~ 8 g +h 4.50 12.0 40.6 11.9 
6 | KT. 0~11 $ th 4.12 9.9 34.9 10.4 
| 5 O~ 8 Q fe 5.06 12.6 45.6 13.6 
8 | K.K 0O~ 8 g ++ 5.53 10.9 40.0 11.9 
9 $N.K O~11 r.) + 4.67 10.2 36.9 11.0 
10 ae8 0~11 9. os 4.67 9.7 31.3 9.3 
ll | ET ink] & st 4.56 10.6 38.4 11.4 
iw | Sa I~ 6 Q He 5.10 15.3 48.1 14.3 
i: ) TO I~ 2 f.) ++ 4.94 12.1 37.4 11.2 
14 | R.S 1~10, Q at 4.57 12.3 41.3 12.3 
15 | T.S I~ 1 r.) +4 5.00 9.9 35.2 10.5 
6 | T.H 2~ 9! gQ tHf 4.97 11.8 37.7 11.2 
17 Ho. t 2~11 2 HE 4.53 13.6 45.0 13.4 
18 | SK 2~0| @ + 5.09 7.0 29.9 8.7 
19 | H.O 2~ 4 $ tHE 5.01 8. 27:7 8.2 
2 S.1 I~ 0] 6 Hit 4.63 10.7 37.6 11.2 
21 R.D 3~ 2 (.) {Ht 4.27 12.0 43.5 12.9 
22 K.K 3~ 3 $ ++ 4.37 12.6 42.7 12.7 
23 | M.M ju 21 & tHt 4.40 10.8 37.6 11.2 
24 | M.F 3~10' @ tHE 3.90 7.4 27.5 8.2 
mo 1 ee. .. | 1567 2 {Ht 5.20 14.3 49.4 14.7 


count always remains in an approximately normal range. From the mean 
value of the hemoglobin content obtained by hematin hydrochloride method 
and the measured mean blood iron content, the value of 0.346% was obtained 
as the iron content in hemoglobin. 

5) Change in blood iron content in spontaneously cured and vitamin 
D, and citric acid-treated cases of rickets (Table 177) 

The cases No. | and No. 2 are the cases successfully treated with vitamin 
D, and citric acid respectively, and we see that with the alleviation of rickets, 
the blood iron content has risen by 5-6 mg. % in 2 months in both. The cases 
No. 3 and No. 4 are those who have been spontaneously cured of rickets by 
merely feeding with high calory food and accomodating in sunny rooms. In 
them, abreast with the increase in body weight, the blood iron content increased 
by 6mg. % per month. The case No. 5 has never shown subnormal blood 
iron value even before the treatment, but here also the blood iron content 
began to rise upon the initiation of treatment with vitamin D, and citric acid, 
to reach as high as 56.2 mg. % at the maximum. In the case No. 6, the blood 
iron content rose only about 3 mg. % per month while he was subjected to 
dietetic therapy but when iron treatment was initiated, the value rose sharply 
by 9mg. % per month. During the iron therapy, however, there was no 
perceptible improvement. This case is in confirmation of the known fact that 
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an improvement in anemia does not necessarily run abreast with an alleviation 
in rickets. 

4. Summary and Discussion 

The problem of the interrelation of rickets and anemia has been a long- 
standing one among clinicians. ‘The camp asserting anemia to be a symptom 
of rickets and inclined to seek its source in troubles in bone-marrows include 
Aschenheim (1909), Bosanyi (1925), Stransiky (1926) and Marfan (1931), 
while Czerny (1923), Finkelstein (1934) and some others have denied any causal 
relation between rickets and anemia. Findlay (1909) has opined that compli- 
cations accompanying rickets are apt to cause anemia, Hess (1923) that only 
severe rickets accompanies anemia, and Baumann (1928), Kleinschmidt (196) 
and Wieland (1926) said that the anemia frequent in rachitic cases are probably 
secondary troubles due to defective nutrition. In Japan, Sano (1927) has 
asserted that there is no specific rachitic blood figure, but in some cases the 
hemoglobin content drops subnormal in rachitic patients. Kagaya (1954) of 
our laboratory has reported that the picture of peripheral blood in rachitic 
cases remains within the normal range and their red blood cells are normal both 
in form and color, but many of the cases show values nearer to the lower limit 
of the normal in these values. He also says that in dystrophic rachitic cases, 
an increase of reticular erythrocytes is observed, indicating accentuation of 
hematopoiesis to some extent over the normal. Of the bone-marrow picture, 
he says, the counts of myeloid nucleated cells and of myeloid megacaryocytes 
are within the normal ranges, but the M/E (the myeloid erythroid ratio) is 
somewhat lowered, so that no evident anemic picture is obtained, but the con- 
ditions are in a preparatory state of anemia so that anemia may be produced 
at slight provocations. 

According to my results obtained, the blood iron content is very low in 
rachitic sucklings and infants less than 2 years of age, the mean values standing 
at 38.19mg. % and 38.56 mg. % respectively. Unfavorable environments 
prone to cause rickets are also apt to cause deterioration of diets. The particu- 
larly high frequency of low blood iron content in sucklings may be closely re- 
lated also to defective weaning method or belated weaning time. It is well 
known that rachitic children are weak in resisting infection, and once infected, 
are prone to be severely afflicted. Consequently, the consumption of iron in 
the body is apt to become excessive. It may be deduced that iron deficiency 
is easily induced in them through the diminished iron supply due to defective 
alimentation and the excessive consumption of iron due to frequent infections. 

Smith says that the iron reserve in the body is reduced to the minimum 
in the age of one to two years after birth, and presumes a close relation between 
this diminution of iron reserve and the high frequency of anemia due to iron 
deficiency in this age. A shortage in iron reserve will favor occurrence of anemia 
under small inducements. It is thus even more natural that the blood iron 
content is lowered in many cases of rachitic children less than 2 years of age, 
who are naturally weak enough against infection and apt to fall dystrophic. 

The difference between the mean value of 41.65 mg. % of mild rickets 
and that of 39.85 mg. °% of severe rickets is not statistically significant, but I 
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Taste 177. Change of Blood Iron Content in rachitic Children during Progress 
of the Treatment 
Ca. Calcium, P. Phosphorus. Pt. Alkaline phosphatase Bu. Bodansky units 





Ca mg?’ 
f : mg 


X-ray | Complica- Blood-iron 


Case Name Age | Sex Ending Pl Therapy wwe * — mg % 
1 | OT. '|2~ 0! 6 +4 Dystrophy V. D, 1.5 sca 7.9 
(severe) Million u. (in- y. 43 27.8 
jection) lpr 29.1 
2~ 2 + Dystrophy ¥ Ca 11.1 
r 44 34.6 
lpr 16.9 
2 |K.M.;2~10! ¢@ tHt Citric acid 60g Ca 9.0 
(per os) 4 3.3 30.4 
J Pt 20.8 
3~ 0 + jCa 10.0 
ss * 35.2 
lpr 16.0 
3 |H.M.|\0~ 7) Q + Poliomyelitis) Good feeding+ 29.8 
(ultra violet 
rays) 
O~ 8 36.3 
+ YS. |l~ 7| @ ty Dystrophy | Good feeding+ 33.5 
(severe) (ultra violet 
rays) 
| 
I~ 9 + Dystrophy +7.1 
5 K.S. |2~ 2; 2 tH Citric acid 50 ¢ ca rR 4 
(per os) A = 45.6 
f t 26. 
2~ 4 a V. Dy 1.20 M.u. jCa 10.4 
(injection) = 3.8 50.0 
J ee ee | 
2~ 9 + jCa 9.6 
YS 56.2 
\pt 9.7 
6 M.E./3~I11; 9 Hh Good feeding + 27.5 
(ultra violet 
rays) 
| 
4~ 0 44 Fe 5g (per os) 30.3 
| 
4~ 1 + V. D, 1.20 M.u. 39.6 
(per os) 
4~ 2) ~ 42.5 


abnormally low values are met with more frequently among severely rachitic 
cases. Some of the severely rachitic cases, however, showed little drop of the 
blood iron content, so the diminution of the blood iron content is not necessarily 
proportionate to the seriousness of the rickets. The fact seems to indicate that 
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anemia is a secondary trouble in rachitic cases. 

A complication of dystrophy in rachitic cases has a very serious heavy bearing 
on the blood iron content. The mean content in eutrophic rachitic children 
stood at 41.50 mg. %, but the mean for dystrophic rachitic children was only 
36.56 mg. %, a value lower than that for severely dystrophic children, 37.23 
mg. %. This seems to indicate that the complication by dystrophy enhances 
the effect of poor nutrition and of weakened resistance against infection. At 
the same time, it is suggested that anemia in rickets is severely affected by com- 
plications in such cases. 

Since the largest part of blood iron content resides in hemoglobin molecules, 
it is quite natural that the hemoglobin content and the blood iron content 
stand in parallel relation in general, but in rachitic cases, even when the blood 
iron content is reduced, the red blood cell count is found to remain in an ap- 
proximately normal range. Accordingly, it is deduced that the anemia is of 
a hypochromatic nature due to iron deficiency. 

If only the patients are kept in good nutrion by calory-rich food, their 
diapers and dressing are kept well cleaned, their bathing, sleeping and playing 
times are well regulated, while they are kept living in well illuminated rooms, 
they begin to show marked increase in body weight and simultaneous tendency 
to spontaneous cure from rickets, even without any specific treatment being 
applied to combat the disease. Of course, vitamin D, and citric acid therapies 
are effective in curing rickets. In any case, with alleviation of the disease, the 
lowered blood iron content is seen to come back. It is, however, of interest 
that while iron therapy proved very effective in relieving anemia in a rachitic 
case, her rickets showed no improvement proportionate to that of anemia. 
This fact also seems to suggest the non-existence of any essential correlation 
between rickets and anemia. 


CONCLUSION 


1. The author of this paper made measurement of the total blood iron 
in 75 normal, 71 rachitic (chiefly severely rachitic) and 15 severely dystrophic 
children in Tohoku District, by the method of Pincussen’s micro-quantitative 
analysis. ' 

2. In normal children, the total iron value in blood averaged 43.68 mg. %, 
in sucklings (except in new-borns), 44.92 mg. % in infants under 2 years, 45.71 
mg. % in infants over 2 years and 47.92 mg. % in primary school children. 
A clear difference by age groups was observed, indicating an increase of the 
value with age. Among sucklings, the value stood at 41.62 mg. % in those 
between 1} and 3 months of age (the lowest of all values), rises to 44.25 mg. % 
in those between 3 and 7 months, but drops to 43.68 mg. % on the average in 
infants of the weaning age of 7-12 months. 

3. No difference was seen by sex. 

4. The mean values in severely rachitic children registered 38.19 mg. % 
in sucklings, 38.56 mg. %, in infants below 2 years, 41.35 mg. % in infants 
older than 2 years and 44.46 mg. % in school children. Especially many of 
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the infants below 2 years of this group showed low values, with statistically 
significant difference from normal children of the same age. 

5. The average value for moderately rachitic children less than 3 years 
of age and free of any complications stood at 41.65 mg. % and for severely 
rachitic children under similar conditions at 39.85 mg. %. Thus, no significant 
difference was observed between the two groups, but there were more children 
in the latter groups who showed abnormally low values. 

6. Children below 3 years and rachitic but eutrophic showed the mean 
value of blood iron content of 41.50 mg. % and severely rachitic and dystrophic 
children of the same age the mean value of 36.56 mg. %. The difference here 
is significant and we see that the total blood iron content is rather drastically 
affected by complication of dystrophy in rachitic cases. 

7. Even when the total blood iron, content is lowered, the erythrocyte 
count remains in an approximately normal range. This shows that the anemia 
in such cases is of hypochromatic nature due to deficiency in blood iron content. 

8. The blood iron content in rachitic cases tends to normalize whatever 
therapy is applied to treat the rickets. The increase of the iron content, however, 
does not necessarily keeps abreast with the alleviation of the disease. 


Ul. Total Blood Iron and Splanchnic Iron Content in 
Experimental Rachitic Rabbits 


INTRODUCTION 


In his Report I, the author has reported on the results of his investigations 
on the blood iron content of rachitic children in the Tohoku District and has 
propounded his assumption that the lowering of blood iron content frequent 
in rachitic cases in secondary one is due to defective nutrition or complications 
including infections. In this report, the author will report on the results of 
measurement of blood iron content as well as of the iron content of the liver and 
the spleen, accepted as most closely related to the bodily reserve of iron, in 
rabbits made experimentally rachitic. 


BLoop IRON CoNnTENT OF EXPERIMENTAL Racuitic RABBIT 


1. Experimental Animals 

Young rabbits of about 500 g. each of body weight were fed with rachitic 
feed prescribed by the Pediatrics Laboratory of Tohoku University (in which 
Ca:P=4:1~7:1) in a darkroom, and were made severely rachitic in 3-5 
weeks. The feed for the control rabbits contained raw bean-curd refuse, carrots 
and spuds in the ratio of 25:1 :1, and 0.3 g. of beer yeast, 20 mg. of vitamin C 
and 250 units of vitamin D were added thereto, but no calcium lactate was 
added, as was done in the rachitic diet. 
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2. Experimental Methods 

Every week, roentgenograms of’ the lower limbs of the rabbits were taken 
to survey the rachitic findings of the epiphyses there, and their blood iron con- 
tent was measured at the same time, using blood samples bled by incising the 
skin vein of their ears. In the 6th week, when the roentgenograms assured us 
that all the rickets induced animals were suffering severely, treatment with 
vitamin D., (abbreviated to VD, here after) administered intramuscularly in 
3 doses of 10,000 units per kg. body weight each at 4 days’ intervals, was begun. 
In 3-4 weeks, the rachitic bone findings were nearly cured in all the treated 
rachitic rabbits. 

The method of measurement was the same as that used in II) of the pre- 
ceding report. 

3. Experimental Results 

1) Change in blood iron content following onset of rickets 

The changes with time in body weight, seriousness of the disease and blood 
iron content as observed weekly were as shown in Table 178 and Figures 109 and 


Tasie 178. Change of Blood Iron Content in Experimental Rachitic 
Rabbits during Progress of Experimental Rickets 











| Before 2nd week 4th week 6th week 
iP > Pig Sis > Bs S| | >» BP) gs | po Bing oY 
No. Sex| $a £33535 FS 282 SelFS REL Se Fs 3 se 
| |B AERA ES AGRE S REM AE SRE" E 
1 | @ | 550 43.7 | 880 43.2 /1300 — | 44.6/1510 — 44.0 
Control | 
2 6 | 580 42.4 820) — | 44.0/1200| — | 45.2 1380! — | 44.8 
. 3 @}500 — | 46.5 | 750 | + | 45.0 | 1000) # | 41.6 | | 
oe 14) 6 | oe 44.3 | 730 4 | 39.6 1130) # | 468 
rickets’ 6125 | 9 | 550| — | 483/800! + | 46.5 | 1020 Ht | 43.0 1100 4 45.2 
. 16,9} 500 — 445/700 + | 42.0| 900) # | 40.7 | 890 Ht | 37.7 
Dystrophic | 7/9 | 505 — 43.3 | 685 ++ | 42.8 | 890) # | 39.4| 930) HH | 36.7 
nekets | g | ¢ | 540 — 40.9! 760| + | 41.3/| 980) # | 50.8) 950! WH | 49.5 
| } j | | | j | i 
g ‘ 
75001- No.1 trol 
No.2 ontro 
7300+ C) 
7100+ No.4 (+4) No. pete 
+H 
‘0. 3 (+t) 
goo- NE7 PPystrophic 
tors ricket 
700}:- 
500 1 1 1 
2 4 6 
Ww. Ww. w. 


Fig. 109. Diagram of body weign: n gain in experimental rachitic rabbits, 














The Total Blood Iron Content in Rachitic Children 955 


™94 







49 ee No.8(Ht) 
= -" 4 
ee / 
Fo. 2 £ 
‘ ao a A _No.5(##) 
45 ES Fi ~< No.2 = 
. _ 3.7 °™ 
43 “8 ra a Sy 
ny NNO. 3H) 


4 7 T)— — — oe GH) / ~ igs yr“ 








Lge cae 
39 - (+t) GH ~ on 
~>s.2> so. 6H) 
37F ~<No.'71HH#) 
35 1 1 L 
2 4 6 
Ww. Ww. Ww. 


Fig. 110. Diagram of the change of blood iron content during progress 
of experimental rickets. 


110. It is seen that a) the blood iron content of the rachitic animals was subject 
to wider fluctuations than that in the normal controls, but the change of iron 
content was not always the same upon onset of rickets, that b) in most cases the 
blood iron content tends to fall with the onset, but the drop did not always begin 
at the same time (No. 3, No. 4 and No. 5), that c) the fall in the blood iron 
content did not always keep abreast with the severity of the disease, some cases 
of severe rickets even showing supernormal values (No. 4 and No. 8), and that 
d) when the rachitic group is subdivided into those without dystrophy (ranging 
above 80% of the controls in body weight) and those with dystrophy (lighter 
than 80% of the controls), most of the latter group showed more marked de- 
crease of blood iron content than those in the former (No. 6 and No. 7), but 
here also we find a case suffering from dystrophy and yet showing a value higher 
than normal blood iron value (No. 8). 

2) Change in blood iron content during treatment of rickets 

The changes with time in the improvement of rachitic degeneration, body 


Tasie 179, Change of Blood Iron Content in Experimental Rachitic 
Rabbits during Progress of the Treatment with Vitamin D, 














Before Therapy (2nd week) | Therapy (4th week) 
: Blood | \y,_: | Blood | Alas Blood 
No. Sex er 3 Rickets| iron — Rickets| iron a Rickets| iron 
} (mg %) , |(mg %)| ; (mg % 
pane ~~ | | ‘ 
. 1 S |. 1510 _ 44.0 | 1600 - | 45.7 | 1680 _ 46.0 
Control (2/8/1990 — | 448 | 1420 | | 46.5 | 1480 | - 45.8 
} 
5 | 2! 1100 tHE 45.2 | 1200 + | 489 1290 - 46.8 
Ricket 6 | Q 890 tHt 37.7 990 4+ =| 45.0 | 1040 “b 43.7 
“s 7\¢@| 930| 36.7 | 1010 4+ | 40.4 | 1090 i #2.1 
8 | 6 950 {Ht 49.5 990 44 46.7 | 1070 & 44.0 
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weight and blood iron content 


age No.1(-) during VD, treatment of the 
en disease are illustrated in Table 
OI a ccititiineemomnnnrnnnn ae 179 and Figures 111 and 112. 


No.5(-) We see that a) the blood iron 


a ss values are subject to wider 


1000/- SS fluctuations in the rachitic 
vit (+) cases than in the normal con- 

500 ! ! ! trols, that b) the lowered blood 
Before 2 * iron content in the rachitic 
: animals tend to rise rather 

rapidly with the progress of the 
treatment (No. 6 and No. 7), 
and some cases showed a trans- 








Fig. 111. Diagram of body weight in gain in ex- 


perimental rachitic rabbits treated with vitamin D, 











mg, GH. rs ient rise over the normal and a 

43) Bk dle subsequent normalization of the 

Pass, ~"\.No.5(=) blood iron value (No. 5 and 

as wii =— ~ + he a No. 6), and that c) some of the 

44 $s ay > ~~ a No. 8(+) cases that showed supernormal 

7 No.6(£) values prior to the treatment 

42- e _---7No.7(4) showed a decrease in the blood 

4oL ye were” iron content approaching the 
rs Lo normal level (No. 8). 

38 eal res 4. Summary and Discus- 

ene 2 7 Sasagawa (1929) round 


anemia in experimentally and 
spontaneously rachitic rabbits 

Fig. 112. Diagram of the change of blood iron con- but Kojima (1931) reported 
tent in cugeramentet pee rabbits during progress of that he found rather high blood 
the treatment with vitamin D,. : : ; 

: iron values in rabbits made 
experimentally rachitic, while McDonough (1937) says that no anemia was 
observed in rachitic fowl as a symptom of the disease. The problem, how- 
ever, seems to be not susceptible of uniform treatment, owing to the difference 
in the experimental animals and the conditions of inducing the disease, such 
as the mode of feeding. 

The results I have obtained in my study on the change in blood iron con- 
tent accompanying rickets showed no universally constant tendency either. 
It is, however, of interest that some of the dystrophic-rachitic animals showed 
abnormally lowered values, lower than any in eutrophic-rachitic cases, quite as 
it was in human subjects. Upon closer examination of the rachitic cases that 
showed supernormally high values, I found some who tended to be suffered 
from diarrhea, perhaps due to the calcium lactate in the feed, excreting soft 
feces, and seemingly in a state of dehydration. It was not ascertained whether 
there might be any other essential cause of such a high blood iron content. It 
was also found that most cases showed a slight lowering of the blood iron content 
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in the 2nd—4th week after the onset. 

Shelling (1935) ascertained a lowering of the hemoglobin content in normal 
mice fed with high-calcium food, and it is of interest that I also could observe 
a lowering of the blood iron content in some of my rabbits fed with low-phospho- 
rus feed. Such observations seems to suggest that the disturbance in calcium 
and phosphorus metabolism might perhaps lead to metabolic anomaly of hemo- 
globin. This deduction seems to be more easily tenable when we consider 
the fact that by VD, treatment, the blood iron content tends to show normali- 
zation. 


SPLANCHNIC IRON CONTENT IN EXPERIMENTAL Racuitic RABBITS 


1. Experimental Animals 

The same method as in I) 1. mentioned above was followed in inducing 
low-phosphorus rickets in rabbits. 

2. Experimental Methods 

In the 5th week of the experiment, upon assuring the presence of rickets 
in the rabbits by roentgenography, 1—2 mg. of heparin was injected into the 
vein of rabbit, and then, under ether anestization, the heart was laid bare, a 
cannula was inserted without delay into the aorta through the left ventricle, 
a small hole was cut into the right atrium and the whole body was perfused 
with 2,000-3,000 cc of warmed redistilled water to wash out all splanchnic 
blood. Sections of these organs rid of blood were dried in an electrical drier 
at 100°C for 24 hrs. till no further change in weight was observable. 30-80 
mg. of these dried sections of organs was weighed out with precision, put into 
a Kjeldahl’s flask, 1.0 cc of concentrate sulfuric acid was added, left standing 
for 24 hrs., on the next day 2 cc of redistilled water was added and heat applied, 
and the extract was analysed under Pincussen’s method as in IT (2). 

Some of the animals were treatcd to cure rickets, and upon assuring nearly 
complete recovery in the 3rd—4th week of the treatment, a part of splanchnic 
organ was extracted and samples made in the same manner as in the above 
for a measurement of the iron content in them. 

3. Experimental Results 

The measurements of the iron content in the liver and the spleen accepted 
as the organs most closely related with iron metabolism resulted as shown in 
Table 3. 

1) Iron content of the spleen: The iron content of dried spleen taken 
from rachitic rabbits stood at 79 mg. %, very perceptibly lower than that in 
the controls standing at 142 mg.%. The VD,-treated animals showed a mean 
value of 187 mg. %, a value exceeding the normal. 

2) Iron content in the liver: The control animals showed the mean value 
of 69 mg. per 100 g. of dried liver tissue, while the rachitic rabbits had the mean 
value of 43 mg. %, a perceptible lowness again. In the treated animals, the 
value rose to a supernormal high of 100 mg. %, as in the case of the spleen 
above. 

3) No mutual relation is observable between the body weight and the 
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7/92! 8 | 1130 102 | 55 
8; 9| 12 | 1290 197 97 
. 9|Q 12 | 1040 194 79 
Cured 10, 3 12 | 1070 186 187 | +19.1 95 100 +36.6 
nis 12 | 1090 172 130 


splanchnic iron content of the animals. 

4. Summary and Discussion 

In the reports on the splanchnic iron content of experimental rachitic 
animals, Kojima (1931) remarked on a slight reduction of liver iron and a heavy 
decrease of spleen iron in experimental rachitic rabbits and McDonough (1934) 
says that no change from the normal is seen in the liver iron content in rachitic 
fowl, while Komagamine (1942), upon making measurements with Pincussen’s 
method, published the values of 69 mg. °% and 160 mg. % respectively for the 
iron contents in dried liver and spleen of adult normal rabbits—values almost 
coinciding with the values 69 mg. % and 142 mg. % obtained in my study 

It is of interest that the iron contents of the spleen and the liver perceptibly 
lower in rachitic animals and rise to exceedingly high values when VD, treatment 
is applied tothem. If we presume that these iron contents of the organs represent 
iron in reserve, we may conclude that the iron reserve is reduced in rachitic 
cases and is augmented by VD, treatment. This shortage in iron reserve seems 
to stand in close relation to the anemia met with in rachitic cases. It is unknown 
what is the cause of this drop in iron reserve, but we may surmise that the dis- 
turbance in calcium-phosphorus metablism plays a part in inducing such a 
deficiency. 

Shelling found that the bodily retention of iron content suffers in mice 
fed with high-calcium food, but when VD, is administered to them later, the 
retention is excited beyond normal. The increase following VD, adminis- 
tration of the splanchnic iron content, which had been lowered by low-phospho- 
rus feed, has been induced, I presume, by the normalization of calcium-phospho- 
rus metablism due to VD.-treatment, which led to accentuation of the iron 
retention, resulting in a transient surplus of iron reserve. 


CONCLUSION 


The author of this paper made measurement of the change in total 
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blood iron content and the iron content of the liver and the spleen occasioned 
by onset and cure of rickets in rabbits made experimentally rachitic by low 
phosphorus feed, using the method of Pincussen for analysing micro-quantities. 

2. By onset of rickets, the iron blood content does not show a change in 
a definite trend, but in dystrophic-rachitic cases, the content in it tends to fall in 
most cases. 

3. There is no invariable interrelation between the seriousness of rickets 
and the blood iron content. 

4. The blood iron content tends to normalize following vitamin D, treat- 
ment. 

5. The iron content of the dried liver stood at 43 mg. % and of the dried 
spleen at 79 mg. % in rachitic rabbits. The values are perceptibly lower than 
those in normal rabbits, averaging 69 mg. % and 142 mg. % respectively. 

6. The same values in rachitic rabbits and cured by VD treatment showed 
abnormally high levels of 100 mg. % for the liver and 187 mg. % for the spleen. 

7. The reduction in the splanchnic iron content in rachitic cases seems to 
stand in correlation with the disturbance of calcium and phosphorus metablism 
in such cases. The lowering of blood iron content so frequently met with in 
rachitic cases is probably in close relation with the reduction of the iron content 
in the organs. 
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Studies on Serum Chemical Components in Rickets 


INTRODUCTION 


Hitherto there are many reports on mineral metabolism in rickets, since 
Howland and Kramer (1921) indicated that serum inorganic phosphorus con- 
tents in rachitic infants and children were lower than those in normal] subjects 
and that there was a certain correlation between serum calcium and serum 
phosphorus in rickets. 

And recently serum citrate and its metabolism in rachitic subjects have 
aroused interest. But literatures in progressive changes of various serum chemical 
components in rickets and of their interrelation are very few in number. 

In this paper, we summarized changes of concentrations of serum alkaline 
phosphatase, inorganic phosphorus, calcium, chloride, citrate and their inter- 
relation in several rachitic cases following various treatments and following 
oral administration of phosphate. 


Methods 


All the 4 rachitic cases who were inquired into their serum components 
following treatments have the characteristic clinical, X-ray and biochemical 
evidences of active rickets. Of the 4 cases who were researched in concen- 
trations of serum chemical components following oral administration of phos- 
phate, two cases were rachitic subjects and the other two were non-rachitic. 

The used chemical methods were as follows: for measuring alkaline phos- 
phatase, Shinowara, Jones and Reinhart; total calcium and diffusible calcium, 
Yanagisawa’s, inorganic phosphorus, Fiske and Subbarow’s, citrate, Ettinger’s ; 
Sodium and potassium, flame photometry ; and CO,-combining power, Saito’s. 

All the blood samples were obtained in the fasting state to avoid influences 
of diets. 

The chemical equivalent of each electrolyte was calculated as indicated 
in Gamble’s article. 


RESULTS AND COMMENT 


In the present report, the concentrations of serum individual components 
in normal infants and children were omitted, since their details were described 
in each articles. 

1. Concentrations of serum chemical components in rickets following 
various treatments. 





H. Suzuki, M. Sato, T. Oyamada, Z. Fusegawa, Y. Abe, E. Koseki and J. Oishi, M. D. 
(Department of Pediatrics, Tohoku University, Medical School, Sendai, Japan. Director : 
Tamotsu Sano) 


261 











262 =H. Suzuki, M. Sato, T. Oyamada, Z. Fusegawa, Y. Abe, E. Koseki & J. Oishi 


As shown in Fig. 113, 114, 115, and 116, the present rachitic 4 cases were 
treated respecting by oral administration and intramuscular injection of vitamin 
D,, oral administration of citric acid and combined administration of citric 
acid and vitamin Dz. The elevated concentrations of serum alkaline phos- 
phatase in rickets decreased gradually following effective treatments, while the 
concentrations of serum total calcium, especially of serum diffusible calcium 
and of serum inorganic phosphorus in rickets which were more or less low 
before treatments rose to normal level accompanying the progress of recovery 
after various therapeutic methods. Fig. 113 and 114 illustrated that the lowered 
serum citrate values in rickets remarkably increased after administration of 
vitamine Ds and arrived at excessively high values. Such a high concentration 
of serum citrate was observed after vitamin D. therapy by Harrison and Harri- 
son (1952) and they assumed that this phenomenon indicated temporary hyper- 
vitaminosis. 

In our cases too, high doses of Vitamin D, were administered, but the 
relation to hypervitaminosis should be further examined. 

The serum chloride content in rickets was higher than in normal subjects 
but declined gradually and approached normal values following the progress 
of recovery after effective therapy (Fig. 115, 116). 

Besides, the estimated values of each serum electrolyte was calculated in 
chemical equivalent to examine the interrelation between the different electro- 
lytes (Fig. 117, 118). 

As Abe, one of us, has stated in his report on lowering of serum CO,-comb- 
ining power in rickets, the present figures illustrate that actively rachitic sub- 
jects were in the states of metabolic acidosis as the result of elevated Cl’ and 
lowered Na’ and HCO,’. 

This acidotic state improved gradually following the progress of recovery. 
These changes of Na. and Cl’ suggested some disturbances of renal function, 
especially in controlling electrolytes. 

2. Changes of serum chemical components following administration of 
phosphate. 

Sato, one of the present authors, suggested that a lowering of serum dif- 
fusible calcium played the leading part in the manifestation of tetany after 
administration of phosphate. It was said, however, that neuromuscular ex- 

[Na-]+[K°] 
[Ca*]+[Mg~] +11] 
the following formula is deducted ; [Ca] [HPO,”][HCO,;]* (K: constant). 


citability runs parallel to and that concerning Ca ion, 


Fig. 119 to 122 illustrate the changes of individual ions in serum follow- 
ing administration of sodium biphosphate (0.5 g/Kg) and the relation between 
these values and C. O.C. (cathode opening contraction) in n. ulnaris. In the 
cases of Fig. 119 and 120 these occurred as manifestations of tetany. In all the 4 
cases, regarding changes of serum electrolytes, Na’, K*, HCO;’ and HPO,” in- 
creased and then Ca* and Cl’ decreased more or less. 

No correlation between the changes of these individual ions existed whether 
the tetanic attack occurred or not. 
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In the cases with tetanic attack, however, serum electrolytes changed 
markedly as a whole and these changes proceeded toward the occurrence of 
hyperexcitability. Consequently, disturbances in controlling serum electrolytes 
probably existed in these cases. 


SUMMARY 


The concentrations of serum alkaline phosphatase, calcium. inorganic 
phosphorus and citrate in 4 rachitic infants and children were estimated and 
in two of them the serum chloride content was estimated with respect to time 
before and following treatments. 

The elevated serum alkaline phosphatase and chloride in active rickets 
lowered following the progress of recovery and the decreased serum calcium, 
especially diffusible calcium, inorganic phosphorus and citrate increased follow- 
ing effective treatments. 

The relationship between serum electrolytes indicated a state of metabolic 
acidosis as the result of increased Cl’ and lowered HCO,’ and Na’. 

In 2 rachitic and other 2 non-rachitic subjects, the changes of the serum 
chemical components were inquired following administration of phosphate. 

The changes of serum individual electrolytes indicated no correlation with 
tetanic symptoms. But in the cases with tetanic attack, serum electrolytes 
changed greatly as a whole toward the occurrence of hyperexcitability. 


Note: The general remarks mentioned in the introduction are not applicable to the 
symbols used in the figures of this article. 














964 Hz. Suzuki, M. Sato, T. Oyamada, Z. Fusegawa, Y. Abe, E. Koseki & J. Oishi 


T.C. Y 2y 5m 
































[ Vit. D, 50000 IU/day (per os) 
Therapy 25 a 
é & 
za) * : 
Serum alkaline 
phosphatase (units) /5 © #8 
' e 
10 : e 
5 . 
Serum total 
calcium (mg/dl) ” e 6 re 
Wy 2 4 ° 
| ; 
Serum diffusible ‘ : a = 
calcium (mg/dl) . 
! 
41a a 
ee ae 
| 
Serum inorganic 51 — . x x 
phosphorus (mg/dl) ‘ oi 
x 
a la a 
| o 
Serum citric acid 40 ' Q 
(mg/dl) 5 ; a 
3 
Degree of rickets 9 ee ae 
in X-ray a " . ie . 
Weeks z i f 1 23 45 67868 4 


Fig. 113. Concentrations of serum alkaline phosphatase, total calcium, 
diffusible calcium, inorganic phosphorus and citrate in a rachitic infant 
without dystrophy plotted with respect to time before or following oral ad- 


ministration of vitamin D,. Arrow shows beginning of treatment. 
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Fig. 114. Concentrations of serum alkaline phosphatase, total calcium, 
diffusible calcium, inorganic phosphorus, and citrate in a rachitic infant 
with dystrophy plotted with respect to time before or following intramuscular 


administration of vitamin D,. 
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Fig. 115. Concentration of serum alkaline phosphatase, total calcium, 

, 
diffusible calcium, inorganic phosphorus, chloride and citrate in a rachitic 
infant plotted with respect to time before or following citric acid therapy. 
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Fig. 116. Concentrations of serum alkaline phosphatase, total calcium, 
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diffusible calcium, inorganic phosphorus, chloride and citrate in a rachitic 


infant plotted in respect to time before or following combined therapy of 


citric acid and vitamin D,. 
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Fig. 117. Concentrations of 
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Fig. 118. Concentrations of serum electrolytes in a rachitic infant before 
and following treatment with citric acid and vitamin D,. Each values are 
shown in milliequivalents per liter which are calculated on formulas in 
Gamble’s article. Arrow shows beginning of treatment. Solid circles are 
basic ions and open circles are acid ions. 
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Fig. 119. Concentrations of serum electrolytes in a rachitic infant follow- 
ing oral administration of Sod. biphosphate (0.5 g/kg). Tetanic manifestation 
positive case. 

Fig. 120. Concentrations of serum electrolytes in a rachitic child following 
oral administration of Sod. biphosphate (0.5 g/kg). 
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Fig. 121. Concentrations of serum electrolytes in an infant following oral 
administration of Sod. biphosphate (0.5 g/kg), who recovered -from rickets. 
Tetanic manifestation negative case. 

Fig. 122. Concentrations of serum electrolytes in a normal infant follow- 
oral administration of Sod. biphosphate (0.5 g/kg). The electric exitability 
was somewhat elevated. Tetanic manifestration negative case. 
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Serum Citric Acid Content in rachitic Children 


In their report on the effcacy of citric acid in preventing and treating rickets, 
B. Hamitton and M. M. Dewar (1937) have made clear that this acid and 
tartaric acid, as well as their salts, are efficacious against experimental rickets 
in white mice. Srouc. A. T. (1937) reported on the efficacy of citric acid in 
clinical experiments with rachitic children. Since then, many studies on the 
subject have been reported, and the improtance of citric acid in rachitic cases 
has been emphasized. More recently, Heinz, MULLER and RominceER (1947- 
48) indicated the close relation of citric acid with the calcium absorption through 
the intestinal canal, thus giving a valuable suggestion on the occurrence of 
rickets. Many reports on clinical studies of citric. acid metablism followed this 
discovery. 

In Japan, Prof. Sano many years ago made it clear that the high mortality 
rate of sucklings and infants in Tohoku District is attributable to dystrophy, 
and reported on the frequency of rickets among the dystrophic children in 
Tohoku. With the aim of lowering the mortality rate and improving con- 
stitutional states of children in Tohoku, he began to make systematic investi- 
gations on dystrophy among them. 

I will preface my report on the citiric acid content in rachitic children 
with a chapter on the content in normal children for reference, of which I 
have also made some measurements. 


I. Citric Acid Content in Serum of Normal Children 

As experimental materials, serum taken from 220 children from those 
assembled at mass-examinations and from Out-patient cases of Tohoku Univer- 
sity Hospital and diagnosed as in normal health were used. ‘The serum was 
sampled at the time of hunger, and analysed by Errincer’s method, but as 
the samples of serum available were smaller in quantity than as laid down in 
the original method, smaller doses of the reagent had to be used, and also the 
use of Rouy’s photoelectric colorimeter necessitated some alterations in the 
process followed. 
RESULTs : 

The serum citric acid content in normal children, as shown in Tab. 181 and 
Fig. 123, showed maximal values in sucklings, averaging 3.54--0.20 mg/dl (be- 
tween 5.10 mg/dl and 2.22 mg/dl), and decreasing with age, falling to around 
2.5 mg/dl in the age group of 3-4 years. 

In Tab. 2, the values are shown in 4 divisions by age of childhood. The 
values in sucklings were of course of highest, as in the above, and averaged 
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3.17+0.14 mg/dl (5.28-2.00) in the earlier half (1-3 years) and 2.58+0.I 
mg/dl (3.03-2.00) in the latter half of infancy (4-6 years) and 2.64-+0.0 
mg/dl (3.32—1.90) in primary school children. The high values shown by 
sucklings and younger children were stoichiologically significantly different 
from those of school age. (Table 181) 

Upon dividing the suck- 





Taste 181. Citric Acid in Serum of Normal ling age again into 4 periods, 
Children (mg/dl) the mean values in the periods 
‘Age Sample Maximum | Minimum Mean showed no mutual differences 
of significance, but the scope 
0 44 5.10 2.22 3.54+0.20 : 
i 56 58 | 300 330 3.0.20 of fluctuation of the values 
2 26 4.79 | 2.06 3.01+0.28 was the largest in the first 
3 11 3.54 | 2.20 2.88+0.28 period of 0-3 months, extend- 
+ 14 3.03 2.00 2.55+0.20 ; 
5 7 290 | 2.14 2.54+0.26 ing over the values of 4.91- 
6| 3 2.95 | 2.35 2.66+0.15 2.22 mg/dl, and followed by 
| 0 3.12 2.24 | 2.65+0.22 . : 
8 10 3.20 | 2.14 2.664022 the periods of 4-6 months, 
9 6 3.00 | 2.52 2.69+0.17 10-12 months and 7-9 
10 8 3.32 220 2.65+0.28 : 
Hui 12 3.05 | 2.10 27440.15 months in the order named. 
12 7 3.12 1.90 2.41+0.41 This seems to indicate that 
Adult) 7 288 | 2.18 2.6140.23 the younger the age, the 


wider does the serum citric 

acid content fluctuate. (Table 182 & 183) 
HaceEtstAmM (1944) has reported the normal serum citric acid content in 
human adults as 2.4 mg/dl and Natelson ef al. (1948) the mean value of it in 
normal children as 2.8 mg/dl. H.E. and H.C. Harrison (1952) measured 


TasLe 182. Serum Citric Acid Compaired with Age (mg/dl) 





| 


| No. cases Maximum | Manimum Mean 
Suckling 44 5.10 2.22 3.54+0.20 
Earlier half of childhood | 93 5.28 2.00 3.17+0.14 
Latter half of childhood | 30 3.03 2.00 2.58+0.11 
School children 53 3.32 1.90 2.64+0.08 


‘ 


the citric acid content in serum of 8 normal sucklings below 2 weeks after birth 
and 8 older normal children by Natelson’s method and arrived at the mean 
value of 2.50-+0.57 mg/dl, and reported also that the values fluctuate wider in 
new-borns than in older children. No report on the serum citric acid content 
in normal children has appeared in Japan, except the one by Prof. Sasaki and 
Yamaguchi of Chiba Medical College, who report that, upon measurements 
by Natelson’s method, the mean values in new-borns (umbilical cord blood) 
registered 3.00 mg/dl, in sucklings, 2.26 mg/dl, in infants 2.10 mg/dl and in 
school children 2.33 mg/dl, while in adults, the mean value stood at 2.18 mg 
dl, and that no significant difference could be seen between these mean values. 

Upon comparing the above values reported by Western and Japanese 
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workers with those we have obtained, the mean value in sucklings of ours is 
found to be higher than those of the predecessors by 0.7—1.3 mg/dl, that in in- 
fants higher by 0.48-1.07 mg/dl than that obtained at Chiba Medical College 
and that in school-children also higher than the latter by 0.31 mg/dl. 

The wide fluctuation of the values in sucklings, wider in sucklings of lower 
age, I have found is also in good agreement with the wider fluctuation of the 
values in newborns than in children below 2 years recorded by Harrison. 

No difference of the serum citric acid content by sex or by urban and rural 
districts could be observed. 


II. Serum Citric Acid in 
Taste 183. Serum Citric Acid Compaired Rachitic and Dystrophic Child- 
with the Month of Age (mg/dl) ren. 





re Hereunder, I will discuss 

ein | oO. . +s —_ ° 

pea! of cue Maximum | Minimum Mean the serum citric acid content 
found in rachitic and dystro- 


0- 3 3 4.91 2.22 3.4442.33 


phic children in Tohoku District 
4- 6 7 5.10 2.70 3.85+0.54 in comparison with that in 
7-9 | 13 4.58 2.57 3.38+0.37 normal subjects as reported in 
10-12 21 4.70 2.36 3.56 0.27 the above, and further describe 


my observations concerning the 
subject made in the course of treatment of rickets and the change of the 
content following tetany reaction tests. 


ste eo e oe Average value in each age 
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Fig. 123. Distribution of serum citric acid of normal children. 


The subjects consisted of 120 rachitic and 21 dystrophic cases selected from 
children appearing at mass-examinations and from in and ex-patients of Tohoku 
University Hospital. The rachitic cases were diagnosed as such by X-ray 
photographs of the wrist joint and by clinical findings. 

Both the rachitic and dystrophic cases were divided each into the two 
groups of light and severe cases (criterion for grouping omitted). 

RESULTs : 
The citric acid content in serum of 120 rachitic children before treatment 
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as shown in Tab. 184 showed values averaging 3.83+0.32 mg/dl (maximum 
value 8.30 and minimum value 1.74 mg/dl) in 56 sucklings, 3.74++0.25 mg/dl 
(9.72-2.18) in 46 one year infants, 4.01+1.23 mg/dl (12.10-2.00) in 18 infants 
of 2 years, that is, no stoichiologically different values from those in normal 
children, but the scope of fluctuation of the values was extremely extensive. 
Upon division of the rachitic cases into groups of severe, of light and of 
under-treatment cases, the results are as shown in Tab. 185 and Fig. 124. In 


Tasie 184. Serum Citric Acid of Rickets (mg/dl) 





Age | Rickets No. cases Maximum Minimum | Mean 
0-1M | Normal 56 | 8.30 1.74 3.83 40.32 
Rickets 44 5.10 2.22 3.54+0.20 
1 Normal 46 4.72 2.18 3.74+0.25 
Y | Rickets 56 5.28 2.00 3.30+0.20 
9 Normal 18 12.10 2.00 4.01+1.23 
y Rickets 28 4.79 2.06 3.01+0.28 





Taste 185. Serum Citric Acid of Light and Severe Rickets (mg/dl) 











Rickets Age | No. cases | Maximum Minimum | Mean 
0-ly 10 3.18 2.12 2.74-+0.26 
Light rickets I-3y 28 3.38 2.18 2.85-+0.14 
Total 38 3.38 2.12 | 2.82 
0-ly 1 | 1.74 
Severe rickets 1-3 y 13 2.97 1.82 | 2.34+0.19 
Total 16 2.97 1.74 2.30 
"Yai 
10 tg tat er oe ee Mean value in 
q normal children 
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Fig. 124. Distribution of serum citric acid of severe, of light rickets and rickets 
under-treatment. 
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16 severe cases (1 suckling, 14 infants, | school child), the values ranged between 
2.97 mg/dl and 1.74 mg/dl, averaging 2.30 mg/dl, the lowest values and the 
smallest fluctuation being found here. In light rickets cases, 38 in number, 
the mean value 2.82 mg/dl (of values ranging between 3.38 and 2.12 was higher 
than in the severe cases and the fluctuation of the values extended somewhat 
wider. In the 33 rachitic cases under treatment (6 sucklings and 27 infants) 
the mean value 4.43 mg/dl and the fluctuation of the values between 9.72 and 
2.60 mg/dl were both far larger than in the severe cases. The difference between 
the values shown by children in the same age in the three different groups were 
stoichiologically significant. 
In dystrophic cases the values were measured as shown in Tab. 186 and Fig. 
125. The total average of the 21 cases stood at 3.22+0.33 mg/dl (4.68 mg/dl 
at the maxiwum and at 2.14 
Taste 186. Serum Citric Acid of mg/d] at the minimum), show- 
Dystrophy (mg/dl) ing no significant difference 
from that of normal children. 











Rickets —. Maximum Minimum Mean No difference of significance 
; : ——| ———— was observed between the 
dystrophy 8 | 454 | 214 | 3284071 Values shown by the light and 
Light | the severe group, either. 
dystrophy, 13 | 468 | 2.38 3.18+0.40 Then 84 rachitic cases, of 
Total 21 468 | 214 | 3.22+0.33 whom the nutritional condition 

was known, were divided into 
the eutrophic-rachitic and the 
be dystrophic-rachitic groups and 
A , examined separately for their 

& ---- Mean yalue in +s . : 
aA normal childrea S¢€Tum citric acid content. The 
4 i i results were as shown in Tab. 
4 187. No significant difference in 
3 ca ay the values was detected between 
oP a4 any groups, of eutrophic or dy- 
2 a 4 strophic, lightly or severely 
rachitic or dystrophic children. 
The change in the acid 
1 content in serum of 9 severely 
] Z dy rachitic cases that were hospital- 
Fig. 125. Distribution of serum citric acid of ized in our wards and could be 
dystrophy. subjected to continuous observ- 


ation was as shown in Tab. 188. 


The cases No. 1 and No. 2 were twins. The former was injected intramuscu- 
larly with 1.200,000 I. U. of vitamin D, and 3.850,000 I. U. in total of vitamin 
D, was administered per os to the latter, in daily doses of 50.000 units. In 
two months, the citric acid content in their serum went up to as high as 13 
mg/dl. Their rickets alleviated speedily. The case No. 3 was a severely 
dystrophic severely rachitic child, who had been fed with low-protein high- 
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Tasie 187. Serum Citric Acid of Eutrophic and Dystrophic Rickets 

















(mg/dl) 

Rickets Age _ | Nutritional state No. cases Maximum |} Minimum Mean 
Eutropyh + 3.18 257 2.95+0.42 
0-ly Dystrophy 6 3.10 242 2.60+0.40 

Light _— ” me re i... ae 

vichets Eutrophy 17 3.35 2.22 2.85-40.19 
1-3 y Dystrophy 11 3.38 2.18 2.83+0.26 

Total 28 2.85 
— Eutrophy 4 2.97 2.10 2.46+0.60 
sichiate 1-3 y Dystrophy 9 2.80 1.82 2.28+0.23 

Total 13 2.34 








carbohydrate food before hospitalization. His serum citric acid content run 
up to 13.05 mg/dl in 6 weeks, following administration of 1.200.000 I. U. of 
vitamin D,. 

The case No. 4 was also a severely dystrophic (both quantitatively and 
qualitatively), and severely rachitic child. After hospitalization and improve- 
ment in diet, his rickets was spontaneously cured and his serum citric acid 
content rose from 2.3 mg/dl to 5.87 mg/dl therewith. 

The cases No. 5 through No. 8 were treated with citric acid or the same 
in combination with vitamin D,. Citric acid was administered in doeses of 
2-10% water solution equivalent to 0.2 g of citric acid per Kg body weight in 
mol-equivalent solution of sodium citrate. The case No. 9 was a severely 
rachitic child of rather advanced age. In summary of the observations on the 
above 9 cases, we may conclude that a) The citric acid content rose rapidly 
upon administration of vitamin D, (cases No. 1, 2 and 3). 

b) When vitamin D, or citric acid is administered to cases wherin the 
serum citric acid content is spontaneously rising, the content rose further (cases 
No. 4 and 5). 

c) When vitamin D, and citric acid were used in combination, upon 
administration of vitamin D, alone at first, the serum citric acid content rose 
transiently but fell later on. Then, following a single administration of citric 
acid, the same result ‘was obtained. Thereupon, a large dosis of vitamin D, 
was applied in combination with citric acid, but the citric acid content in serum 
showed a decrease, showing a result quite opposite to that in a) and b) above. 

Harrison et al. (1952) have reported that, upon observation of 10 severe 
rachitic cases, they found a subnormal value with significant difference from 
the normal in the serum citric acid content in severely rachitic cases, and that 
the content rose always following VD, treatment, but the rise was unequal in 
different cases and the abnormally high rise after VD, treatment is probably 
a transient phenomenon due to the surplus of VD,. 

The citric content in serum of all my 9 cases of severe rickets was subnormal 
before treatment, 4 of them showing values below 2 mg/dl. Following initi- 
ation of various therapies, the values rose in all cases, and the abnormal high 
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values observed in some cases were quite in coincidence with those reported 
by Harrison. As shown in the case 4, the content rises also in a case of spon- 
taneous cure. Among the 87 cases of severe, light and treated rickets cases 
subjected to statistical examination, the serum citric acid content was found to 
be the lowest in severe rickets, next in light rickets and showed supernormally 
high values in treated rickets cases. This result was good agreement with the 


Tas_eE 188. Serum Citric Acid in the Course of Treatment of 
Rickets (mg/dl) 











Date Rachitic Serum 

Case Name (1955) X-ray citric Treatment 
findings acid 
HT 28/1X aa 2.00 

1 a : 19/X +4 5.40 At 28/IX V.D, 120 M.U., inj. 
dy 5 26/X + 9.85 

oo 8/XII + 13.20 
TT 28/IX os 2.10 

9 2 : 19/X ++ 6.20 From 28/IX to 3/XII V.D, 5 M.E. 

oy ee 26/X H+ 9.35 daily, for 77 days, “ total ” dosis 38 
y 3/XII + 14.20 M.E., per os 

20/VIII tHt 1.82 
TA. 18/IX He 1.80 At 18/IX V.D, 120 M.U. inj. 

3 2 2/X 2.70 
2y 7m 16/X ok 8.60 From 23/X to 29/X. Cal. gulc. 2g 

29/X ++ + 39.06 daily, 14g, per os 
: 11/XI ++ 2.35 

at 5/XI +. 4.28 

ty 5m | 20/1 5.87 From 14/I to 28/1 V.D. 5 M.U. daily 

F 3/11 6.78 for 15 days, 75 M.U., per os 
21/XII te 2.97 

K.M 12/1 He 3.24 : ” : ; 

5 s j 2/II tt 5.20 From 2/II to 5/III Cit. acid 0.2 g per 
2v10m 9/II 5.50 kg, for 31 days, “ total ” dosis 6.2 g, 
= 16/1 Ht 5.78 per os 

24/I1T ot 7.31 
7/XII He 3.22 
12/1 i 4.80 
TK 20/1 4.44 From 12/I to 10/III Cit. acid 0.2 g per 
6 5 ‘ 3/II rw 4.20 kg., for 58 days, “ total ” dosis 11.6 
ra 19/II +4 4.68 g per os 
‘ 25/II 2.84 From 19/II to 10/III V.D, 5 M.U. 
4/III +t 1.93 daily, for 20 days, “total” dosis 100 
18/111 2.76 M.U. per os 
12/1 Ht 1.74 | 
28/1 tt 2.02 From 19/I to 21/III Cit. acid 0.2g | 
4/II 3.66 per kg daily, for 52 days, “ total” 
TF. 11/II ++ 4.50 dosis 10.4.g, per os 
7 z 18/11 6.08 
IIm 25/11 + 5.50 
5/III 5.30 At 26/II V.D, 60 M.U. inj. 
12/111 3.68 
31/111 + 3.68 








280 T. Oyamada 


| | 


22/VII Hh 2.50 
2/TX 2.54 
16/IX 2.10 At 13/IX V.D, 60 M.U., inj. 
7[X + 6.30 At 17/IX V.D, 120 M.U., Inj. 
14/X 6.52 From 12/XI to 26/I Cit.’ acid 0.2 g 
E.T. 21/X 6.43 per kg daily, for 76 days, “ total” 
8 2 11/XI 4.37 dosis 15.2 g per os. 
ly 5m 18/XI 5.33 From 15/XI to 26/I Calc. gulc. daily 
25/XI 2.55 2g - 73 days, ** totol ’’ dosis 146g, 
9/XII 2.64 per o 
17/XII ++ 2.48 From 10/XII to 1/I V.D, daily 10 
13/I + 3.82 M.U. “ total” dosis 120 M.U., inj. 
20/1 + 5.06 
21/VIIl oh 2.00 
18/IX 1.72 
9/X 3.33 At 18/IX V.D, 120 M.U., inj. 
16/X 2.81 
23/XI1 2.25 From 23/X to 18/XI, Calc. gulc. daily 
9/XI Hh 2.65 0.2 g per kg, for 27 days, “total” 
TF 16/XI 2.60 dosis 5.4 g per os 
Py 2/XII 2.95 
ae 12/1 3.46 At 29/XII, 1/1, 12/1, 19/1 and 26/1. 
q | -D, 120 M.U. inj. on each day, 
“total” 600 M.U. 
19/1 + 3.34 From 12/I to 28/II. Cit. acid daily 
2/1 3.46 0.2g per kg, for 48 days, “ total ” 
16/11 3.89 dosis 9.6 g 


Tasie 189. Serum Citric Acid in the Tetany Provocation by Administration 
of Secondary Sodium Phosphate (mg/dl) 


I Group: Tetanic spasm, positive, and electric excitability, positive 











“= Dy OD ss = = = <= = 
| Name = ee §| Dose os | iin le - ° 
age ‘ 2 (4/04 Si. &| NaHPO,! § | | x Bis | 
R. i") oS * a) om a = ant a a a Cc 
A tl AM Flan ~didjid lid | died 
1 I 13-99 +# (2.00) O.3g/kg | 2.35 2.65, 2.00 2.00 
2, T.F. 1439) + |345) 0.5 » 4.61 5.28 3.70 | 3.65) After improving: 
a S2. 2-186) + (245 0.3 » 5.05 6.7512.00 5.002.90) 2.50 
4 Y.A. I-88 ++ (198 0.5 » ZA2 5.24) 2.25 | 1.60 
5 M.M. 3-32 + (4.10 0.5 » 5.27 7.98 8.50 6.80, 
6 T-.T. l Q2 + ‘6.20 0.5 » 8.20 9.90 12.30 10.503.40 2.70 After improving 
5 K 5- 392) — |4.10' 0.5 » 6.37 14.10 6.08 5.42 After healing 
| | 
II. Group: Tetanic spasm, negative, and electric caitlin, positive 
8 E.T. I-89 ++ «= 2.50 0.5g/kg 3.80 9.2011.00 6.40 3.10 
9 M.LK.| 1-119) + | 2.20 ” 3.10 6.10 9.80 2.40 1.80 2.00 
III Group: Control 
10 H.A. |10-108| — /|3.50 0.5g/kg | 3.20 3.30 3.75 3.553.50 3.55) Tetany-like spasm 
11} Y.A. 2-23) — | 2.00 ” 4.25 6.58 3.14 5.68 negative, electric 
| | excitability positive. 
12, 0.0. 1-118} — |3.95 ” 4.60 7.5515.00, 8.50 | 5.40) Tetany-like spasm 
pty l- 6Q — |4.58 ” 5.26 5.48 7.20 4.19, negative, electric 


13 


excitability negative. 
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observed results of the hospitalized 
cases. 

In the last place, in skepticism 
against the assertion that tetany is not 
met in Japan, tests were made by 
administration of secondary sodium 
phosphate and tetany has been induc- 
ed in one-third of the rachitic children 
in Tohoku subjected to the test. The 
results of measurement of serum citric 
a acid content in 8 severely rachitic and 

a 4 normal children following such test 

are shown in Tab. 189. In these tests, 

Princ tiebe" 0.3-0.5 g/kg of the phosphate was given 

ae 6 74h in water solution in early morning be- 
fore breakfast. 

In all cases in Groups I, II and 
III, as shown in the table, the content 
rose after the phosphate administration, 
reaching the maximum in 3_ hours 


10 


i} 
~ 








Fig. 126. Citric acid curve plotted by 
mean values in the 3 groups as shown in 


Tab. 9, by homely intervals. 


and decreased thence to recover the original values in 24 hours. The curves 
traced by taking the mean values in the 3 groups every hour are shown in Fig. 
126. No significant difference was shown here either, according to positive or 
negative reaction to tetany induction or to accentuation of electric excitability. 


CONCLUSION 


A revised method of Ettinger’s analysis was used in determining the serum 
citric acid content in normal and rachitic children in Tohoku District. The 
results obtained may be summarized as follows : 

1. In normal subjects, 220 in total number, the mean value of the content 
showed the highest average of 3.54 mg/dl, in sucklings, followed by 3.17 mg/dl 
in infants below 3 years inclusive, 2.58 mg/dl in older infants and 2.64 mg/dl 
in school children. 

2. The values, as examined separately by groups of severely, lightly and 
treated rachitic cases, fell subnormal in severely rachitic cases, as well as in 
dystrophic rachitic cases. In light rickets cases, the values were normal or 
slightly higher. In the course of treatment, the serum citric acid content rises 
with the progress of therapy. 

3. No significant difference was observed between the values of light and 
severe dystrophic cases. 

4. Upon making tetany induction tests in severely rachitic cases with 
secondary sodium phosphate, no difference in the values between the control 
and the rachitic cases, whether they showed positive tetany reaction or electric 
hyperexcitability following the tests or not. 
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Studies on the Picture of Protein Fraction 
in Serum of Infants 


I, Serum Protein Fraction Picture of Normal Children in Tohoku 
District 

The pictures of protein fractions of serum of 87 normal children, of 10 
samples of umbilical cord blood and of 10 samples of mothers’ blood were ex- 
amined, as described in the following: 

Experimental Method: a) In compliance with the standard process laid 
down by the Japanese Electrophoretical Society, samples of serum taken from 
blood drawn from the cubital vein in the time of fasting in early morning 
were dialyzed in 1/10 mol phosphate buffer solution (pH 7.8-8.0) in an ice 
chamber for 20 hrs. and subjected to measurement in a Tyselius Electrophoretizer 
of Hitachi Type HT-B. b) The conditions of electrophoresis were as follows : 
voltage, 100 volt; current, 10 mA; operational temperature inside the thermo- 
stat, below 20°C. c) For areal measurement, the descending legs were magni- 
fied to 6-8 folds and the gravity method was adopted. d) The total serum 
protein was measured by means of a Hitachi type protein-meter. 

Experimental Results: a) Total protein in serum: It was the lowest in 
umbilical cord blood, averaging 5.09 g/dl, and increased rapidly in the first 
year after birth and more slowly thereafter with age. The individual values 
fluctuate rather widely in-all age groups, but particularly so in babies below 
1 year (Table. 190 and Fig. 127). b) The serum albumin content is also lowest 


Taste 180. Total Serum Protein of Healthy Children 





Age Cord 


(years) blood O—3 | 3—1 | 1—3 | 3-6 | 6—9 | 9—12 


No. cases 10 4 12 25 22 12 12 
4.56— 6.40— 6.40— 7.10— 7.20— 7.20— 7.80— 











Range 5.34 7.40 8.06 810 830 8.20 8.50 
Mean 5.09 | 6.77 | 7.07 | 7.46 | 7.62 | 7.88 | 8.00 
Standard |, 9.99 +0,39 +£0.49 40.32 40.29 +0.21 +£0.31 
deviation bed ° , ‘ . P ‘i 
‘Confidence ‘ . 
coefficient +0.21 ‘mes +0.32 +0.13'+0.12'+0.15 +0.19 a 
Fig. 127. Total serum protein of healthy children. i a a a ie ae 
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in the serum of umbilical cord blood, averaging 2.35 g/dl, but rises rapidly to 
4.04 g/dl or almost to double of the above within 6 months and more gradually 
thereafter with age. The limit of reliability is high in cases below 1 year, as 
was with total serum protein above (Table 191 and Fig. 128). c) Ratio of serum 


Taste 191. Albumin of Healthy Children 














Ye 
Age Cord ; ait a 5.0 . : 
(years) | blood | °—# j—1 | 1—3 | 3—6 | 6—9 | 9—12 -b & $$ 7 
—— | — — H e 3 
No. cases | 10 | +4 12 | 2 | 2 | 12 | 12 : 
a 2.10— 3.85— 3.65— 3.65—| 3.83— 4.19— 4.38— 
8 2.60 4.28 4.87, 490 499 4.97 5.26 a 
Mean 2.35 | 4.04) 4.10) 4.20)| 4.49 4.57 4.77 
_— +0.27 +0.18 +0.33 +£0.39 +0.30 +0.30 40.22 29 1 
Confidence . 9 19 +0 98 | 4.0.22 +0.16 +0.13 +0.21 +£0.14 
coefficient F ; wea ° . ¥ i 10 
Fig. 128. Albumin of healthy children. mst ee Fre 


albumin to serum globulin: Herein also the umbilical cord blood showed the 
lowest mean value of 0.87, but it rose to 1.11 in serum of babies below 6 months, 
to 1.04 in cases of below | year, to 1.28 in infants of 1-3 years, to 1.43 in children 
of 3-6 years, to 1.38 in children of 6-9 years and to 1.47 in 9-12 years children, 
abreast with advancing age. d) a-globulin content: The mean value of 
umbilical cord blood was very low indeed, being only 0.67 g/dl. It rises high 
in the suckling and the earlier half of infant ages, but thereafter, the values 
show no perceptible change (Table 192 and Fig. 129). e) f-globulin content: 


TABLE 192. a-Globulin of Healthy Children 





Ya 
Promo Lord | 0—4 | a—1 | 1-3 | 3-6 | 6-9 | 9-12 ag 


No. cases 10 + 12 25 22 i? 12 


0.46— 0.92— 0.81— 0.74— 0.83— 0.83— 0.86— 








Range 0.95 1.26 1.39 1.58 1.42 1.57 1.42 

1,0 
Mean 0.69 | 1.08 1.04. 1.25} 1.13!) 1.19 1.08 
—— +0.17 +£0.14 '+0.19 +0.18 +0.20 +0.33 '+0.18 f 
Confidence 9 19 4.0.22 40.12 40.08 |+0.09 +£0.21 +0.13 
coefficient +0U. +U. +U. +. +0. +0. +U. 





coaD 1 3 6 3 12 YRS 
Fig. 129. a-Globulin of healthy children. 


It is particularly low in umbilical cord blood standing at 0.82 g/dl in the avergage, 
but is little subject to fluctuation later on. The standard deviation and the 
limit of reliability of the value are smaller than those of the albumin valu, 
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above and the fluctuation of values by age was also smaller even than in the 
a-globulin value above (Table 193 and Fig. 130). f) y-globulin content: This 


Taste 193. £-Globulin of Healthy Children 
ya 


1-3 | 3-6 | 6—9 | 9—12 20 





Age Cord | 
(years) | blood o-4/i-! 


No. cass | 10 | 4 | 12 | 25 | 22 | 12 | 12 
0.49— 0.79— | 0.79— 0.69—| 0.68— 0.80— 0.74— 











Range 1.06 0.99 1.25 1.42 1.38 1.31 1.10 
| 1.0 
Mean 0.82 0.89) 1.02! 1.01) 1.06 1.05 0.96 
Standard 0.16 £0.06 £0.14 +0.22 £0.21 £0.21 £0.12 
Confidence 
ca Micient 0-12 £0.12 40.09 +-0.09 +0.09 +0.13 +0.08 
oe 2! 3 ° QTD ys. 


Fig. 130. $-Globulin of healthy children. 


value is highest in umbilical cord blood, averaging 1.27 g/dl, and drops rapidly 
to 0.73 g/dl on the average within the 6 months after birth, but rerises slowly 
thereafter, reaching the mean value of 1.13 g/dl in children between 9 and 12 
years of age. This value, however, is lower by 0.14 g/dl than that in umbilical 
cord blood (Table 194 and Fig. 131). g) The relation between the protein fraction 


Taste 194, 7-Globulin of Healthy Children 














Z 

Age | Cord | 9_3/ 4-1 | 1-3 | 3-6 | 6—9 | 9-12 7 

(years) blood : k 2,0 
No. cass | 10 | 4 | 12 | 25 | 22 | 12 | 12 : : 
i 0.85—| 0.29—! 0.57— 0.70— 0.71— 0.90—| 0.98— :° . 

bs 1.62 1.44 1.37, 1.60 1.19 1.42 1.30 4 
Mean 1.27 | 0.73| 0.88 0.99 0.94 111) 113 ™}° i 
Standard 0.27 £0.48 +.0.29|+0.25 £0.13 £0.15 +0.09 
Confidence 9.19 +0.76 £0.19 +£0.10 +£0.06 +0.09 +0.07 . 

foRe % 1 3 6 9 12 vps. 


Fig. 131. y-Globulin of healthy children. 


picture in mothers’ serum and umbilical cord serum: The total protein content, 
the albumin content, the a-globulin content and the f-globulin content were 
found decreased in the umbilical cord serum from those in the mothers’ serum 
in the averages of 2.08 g/dl, 1.17 g/dl, 0.37 g/dl and 0.46 g/dl respectively, 
while the y-globulin content was decreased by 0.08 g/dl and the albumin-globu- 
lin ratio by 0.07 only. In particular, the y-globulin content was found higher 
in umbilical cord serum than in mothers’ serum in 3 cases. 

Discussion: There have been various reports concerning the protein 
content of blood in normal children, and it must be noted that the value does 
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not always remain the same even in an individual, due to many different factors. 
Upon comparing the results I have obtained concerning the change by age with 
those reported by some past researchers, I find that my values are higher than 
those by Webb, Elizabeth L. Knapp (1932), Takatsu (1938) and Yamada (1950), 
but lower than those by Stahlberg (1928) and Miyake (1930). Reports on 
the protein fraction picture of serum in normal children obtained by electroo- 
phoresis have been published by Longworth (1948) and Luhsohez (1948) in 
Western countries but in Japan, only by Chiba (1953). Chiba says that the 
total serum protein content rises gradually with age, a-globulin and f-globulin 
show little change in their content by age, but the y-globulin content is high in 
umbilical cord blood and transiently drops in sucklings, to rerise thereafter with 
age. My results have shown similar tendencies in general, as described in the 
above. 

II. Protein Fractions in Dystrophy 

There have been many reports on this subject, but the opinions given 
therein are not always in agreement. The long-continued investigations con- 
ducted at this laboratory have revealed the presence of a rather large number 
of subjects suffering from dystrophy in Tohoku District. The factors causing 
such a state are manifold, one of which seems to consist in the inadequate 
quantity of protein, especially, animal protein with which the sucklings and 
infants are provided for a comparatively long period in this District. Taking 
my subjects from the dystrophic small children so frequent in Tohoku, in the 
main, I made some measurements of their serum protein actions and studying 
them in collation with their liver function, arrived at the conclusions given 
below. 

Experimental Method and Subjects: The same method of measurement 
as in I above were followed, the blood sampling being done at a time of 
fasting as far as possible. As subjects, 11 mildly and 8 severely dystrophic 
children of 1-3 years were selected and their electrophoretic pictures of serum 
protein fractions were studied in comparison whith those of normal children 
of the same age. For diagnosing dystrophy the standard development table 
of Japanese children compiled by Kuriyama and Yoshinaga was referred to, 
and children 71-80% in body weight of the standard were marked as mildly 
and those less than 70% of standard weight as severely rachitic. 

Experimental Results (Table 
195): a) Total Serum Protein : 
:, ' This was found decreased by 0.47 
hacod cy Alb. «—Gl. 8—Gl.7—Gi. 8/dl in mild and by 0.15 g/dl in 

severe dystrophy from that in 


Taste 195. Electrophoretic Analysis on Serum 
Fraction of Dystrophy 





normal children of the same age. 
b) Albumin: The average value 


i | 
Healthy 25 | 
: | : é : é 
Light 11 | 689! 3.03 2.07! 0.89! 0.91 in mildly dystrophic children was 
| 


7.46 | 4.20| 1.25) 1.10 0.99 


d h | H 

ing | 3.03 g/dl and in severely dystro- 

} een 8 | 7.31 | 3.42) 1.95 | 0.98 0.98 phic cases 3.42 g/dl. Both these 
values show perceptible decrease 
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from that of normal children, 4.20 g/dl on the average. c) Albumin-globulin 
ratio: In mild dystrophy cases it was lower by 0.5and by 0.41 in severe cases than 
in normal subjects. d) a-globulin: This was found increased over the mean value 
in normal children, averaging 2.08 g/dl in light and 1,95 g/dl in severe dystrophy. 
It may be rather natural that the content of a-globulin, which is presumed to 
supplement the decrease of albumin, should be found increased in dystrophy, 
and all my dystrophic subjects showed values surpassing the standard deviation 
of the value of normal children. e) f-globulin: The mean value stood at 
0.89 g/dl in mildly dystrophic and at 0.98 g/dl in severely dystrophic cases, 
values slightly lower than those in normal children, f) y-globulin: This value 
was 0.91 g/dl in average in mildly dystrophic and 0.98 g/dl in severely dystrophic 
cases, slightly below that of normal children. But this value was found to 
fluctuate rather widely by individuals, a slightly dystrophic case showing the 
extremely low value of 0.51 g/dl and two cases in the severely dystrophic class 
of 0.22 g/dl and 0.5 g/dl. g) Results of Tests of Liver Function: 19 among 
the slightly dystrophic and 7 among the severely dystrophic cases, 10 in total, 
were subjected to thymol turbidity tests and cobalt reaction tests. 9 cases 
showed results of more than 6 units in thymol tests, including 2 cases of more 
than 10 units. In cobalt reaction tests, 2 cases showed results of R,. Thus, 
it has been found that dystrophic cases, whether mild or severe, have disturbed 
liver function. 

Discussion: Utheim (1920) and Gollan (1928), upon studying the 
serum protein fraction pictures of infantile dystrophy cases, have reported that 
the total serum protein value and the serum albumin value were decreased and 
the globulin content was increased in them from the normal. According to 
Webb, most of the dystrophic children he tested showed normal total serum 
protein value. In Japan, Imamura (1950) reported on decreased serum protein 
in dystrophy, but Kanzaki (1948) and Yoshida (1953) reported that no difference 
in blood protein was observed from the normal except in cases of marasmus. 
According to my results, serum protein was found decreased by a stoichiologically 
significant difference below normal in midly dystrophic cases in Tohoku District 
I have tested, but in severely dystrophic cases, the difference was not so per- 
ceptible. This results may seem rather contradictory, but upon examining the 
water content of blood in 12 dystrophic cases among the above subjects, I found 
a frank diminution of water in blood in severely dystrophic cases, which seems 
to suggest that severe dystrophy is accompanied by a condensation of blood, 
leading to higher value of blood protein in severe cases than in the mildly dys- 
trophic ones. Albumin was decreased and a-globulin was increased in all the 
dystrophic subjects, and the difference from the normal was always significant. 


III. Serum Protein Fractions in Rickets 

Few reports have ever appeared on the subject, either in Japan or in any 
other country. Tohoku District has been known as the region in Japan where 
the mortality of sucklings and infants is the highest. As a cause of such a high 
child mortality, Prof. Sano has emphasized the importance of rickets and dys- 
trophy so frequent in this area, and classifying the rachitic cases into those with 
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and without dystrophy in complication, proposed that rickets combined with 
dystrophy should be regarded as the fundamental factor of child mortality in 
Tohoku. It is a well known fact that rachitic children are weakened in their 
resistance against infection, and dystrophic rachitic cases are particularly weak 
in this respect in comparison with merely dystrophic cases. I will report in 
the following on the new observations I have obtained in my study on the 
serum protein fractions of experimentally rachitic white rats and then of rachitic 
children, and in my subsequent experiments of causing changes in the pictures 
and following them up. 

(1) Picture of serum protein fractions in white rats made experimentally 
rachitic: 40 youngs of pure-bred white rats were fed in a darkroom in company 
of their mothers with mothers’ milk and rickets-inducing diet for 4 weeks after 
birth, and then the youngs grown to about 35 g each in weight were individually 
placed in wire cages with double bottoms one by one and kept in a darkroom 
for 2 week at room temperature of 20—23°C. 

Symptoms of rickets: The roentgenographic findings of the hind-legs 
were normal in the control Group I, but revealed frank rachitic manifestrations 
in Groups II, III and V. 

Serum protein fractions: The total protein content was found decreased 
in Groups II and III from that in the control Group I, but was found in- 
creased in Group VI fed with a diet with rich addition of casein by 0.43 
g/dl. Albumin was lower in all the Groups II, III and IV. a-globulin was 
found increased in all the other groups over that in control Group I. In 
the f-globulin content, no significant difference was observed between any 
two groups. a-globulin was slightly lowered in Groups II and III but was 
found increased by 0.64 g/dl in Group IV (Table 196 and 197). 


Taste 196. Rachitogenic Diet 








= I | I Ul IV 
oO. | 
| Uncleaned ' | Whole yellow , | Whole yellow 
| rice 60.0g maize, ground 74.0g | Hie 358.0g maize, ground 717.58, 
. : . Casein | Casein 
| Fish-powder 10.0 | Ground gluten 20.0 purified 55.75 | purified 222.5 
_— ‘| Calcium P | Calcium Calcium 
Diet Wheat 20.0 | carbonate +75 carbonate —- carbonate 30.0 
Rice-bran 10.0 | Sodium 1.0 | Salt mixture* 10.0 (Salt mixture* 20.0. 
| chloride 
Salt 1.0 | Dried yeast 1.0 | Dried yeast 20.0 Dried yeast 40.0. 
Vegetable 5.0 
| 
Magnesium , Potassium Sodium 
* Salt carbonate 28.6g chloride 85.0g carbonate 85.0g 
mixture | Potassium Manganese Sodium 
iodide 0.02g sulfate 0.07g fluoride 0.24g 


(2) Serum Protein Fractions in Rachitic Children: Serum protein fractions 
were measured in 60 children, divided into the eutrophic-rachitic and dystrophic- 
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Taste 197. Serum Protein Fraction of rachitic cases according to their body 
il Tin weight. The 24 eutrophic-rachitic 
cases showed little difference from 
Alb. ¢—Gl. B—GI.y—Gl. normal children of the same age in 
“P. _ their protein fraction pictures, name- 
7.98 | 4.79| 1.20 1.03/ 0.95 ly, their total serum protein, a- 
a apd _ jr | ped globulin and -globulin were normal 
8.41 3.99 1.80! 1.01 1.59 in all age groups, their albumin 
. content was only slightly decreased 
but their y-globulin was found increased in some cases and decreased in other. 
The 36 dystrophic-rachitic children showed decrease of total blood protein and 
albumin and increase of a-globulin, that is, a tendency of change in their protein 
fractions similar to that observed in merely dystrophic.children above, but no 
strengthening of the tendency due to complication of rickets being apparent 
(Fig. 134). 

(3) Change of serum protein fractions during tetany induction tests: 
Diphosphate of sodium was administered per os in the dosis of 0.5 g per kg body 
weight to one control and 4 dystrophic severely rachitic cases in early morning 
before breakfast and the serum protein pictures in them were examined before 
the administration and 1, 2, 3, 6, 12 and 24 hrs. after it. The rachitic cases 
that had tetanic fits induced by the tests showed a decrease of total serum 
protein in one hour after the drug was given and the decrease went on heightening 
with time. In the cases where no tetanic fits were induced, however, the total 
protein was found to decrease within 3 hrs. but to recover nearly the original 
level in 6 hrs. No change was observed in their albumin or y-globulin content. 
In all the cases, control and rachitic, a-globulin increased and /-globulin de- 
creased slightly after the administration (Figs. 132 and 133). 





| No. | Total 
| Cases 


| 


OOK 


Moon 


(4) Effect of Vaccination of Newborn Pneumonia Virus (Type Sendai) 
on Serum y-globulin: 5 cases of severe rickets and 1 normal control were subcu- 
taneously inoculated with 0.1 cc each of vaccine of newborn pneumonia (Type 
Sendai) virus, Fushimi strain, and the change in their a-globulin content was 
followed up every week known to the 4th week after the vaccination. In the 
normal control, the content very perceptibly increased in the first and the 
second weeks after the vaccination but fell thereafter in a gentle downward 
curve, though in 4 weeks after the vaccination, the value was still higher than 
before it, while in 4 of the 5 rachitic cases, the content decreased following the 
vaccination. In one of the rachitic cases, the value rose somewhat after the 
vaccination, but the height shown by the normal control was never attained. 
In 3 weeks after the vaccination, all the 5 cases showed decrease from the original 
content to the minimum individual values. It is of interest when the above 
results are considered in collation with the report by Kaneda of this laboratory, 
in which he proved that the antibody production following such a vaccination 
in rachitic children is much reduced in comparison with that in normal cases 
(Fig. 134), 

(5) Change in Serum Protein Fractions during Treatment of Rickets: 
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Fig. 132 Fig. 133 
Ya 
t 
om 80 
8.0 fete, AP: 
0 fold 4p, 
7.0 , a 
6.0) - 
5.9 $0 
4.0, 5 oo, go ‘One —OW_ ot 5g ig 
3.0) 3.0 
2.0 2.0 
. a 
= 7 
AF 
1 2 3 6 12 24 HOUR 1 2 3 6 12 24 HOUR 
Fig. 134 
—— HEALTHY : oa 
---= RICKETS Fig. 132. The variation of the 


electrophoretic analysis on serum 
fraction in healthy child by pro- 
vocation (tetany negative). 


Fig. 133. The variation of the 
electrophoretic analysis on serum 
fraction in rickets by provocation 
(tetany positive). 





Fig. 134. The variation of y- 
globulin by vaccination of new- 
born pneumonia virus (Type 








BEFORE 1 2 3 4 WEEK Sendai). 


5 severely rachitic cases were given 1,200,000 units each of Vitamin D, intramus- 
cularly, and their pictures of serum protein fractions were subjected to observa- 
tion before and 1, 2, 3, 4 and 8 weeks after the injection, to follow up the change 
therein accompanying alleviation of their disease. 4 among the 5 subjects 
showed increase of total serum protein, albumin and y-globulin, but their con- 
tents in a and f-globulins remained nearly unchanged. 

Discussion: There has been no report on the pictures of serum protein 
fractions of rachitic children or white rats in Japan or otherwise, as far as 
I am aware of, except by Helmit Karte (1953) who asserted that no change 
specific to rickets was found in such pictures and by Suzuki (1954) in Japan 
who reports on similar conclusion obtained upon experiments with rabbits. 
My results also suggestéd no rickets-specific change in the picture. To the 
question why rachitic children are weak, however, the results of my experiments 
with inoculation with newborn pneumonia (Type Sendai) virus vaccine seems 
to give an answer, if only partially. Following the inoculation, the attitude 
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of the y-globulin content showed a totally different tendency in rachitic children 
from that in normal subjects, never increasing but decreasing from the original 
level during 3 weeks after the vaccination. Such a phenomenon seems to be 
a strong evidence of the impaired antibody production in the case of infection 
in rachitic children. 


SUMMARY 


I) Fractional Figure of Serum Protein of Normal Children in Tohoku 
District. 

Samples of blood were taken from the cubital vein in the morning before 
breakfast 107 normal children and the serum proteins analysed into fractions 
with a Tiselius apparatus. 

Total protein content rises rapidly within one year after birth but the 
pace of increase slackens thereafter. 

Albumin content increases in the first 6 months after birth in a rapid rate from 
the original content in the umbilical cord blood, and more slowly in the later 
months. Albumin-glo- 
' bulin ratio is lowest 

Age | No. | Total Alb. a—Gl. B—GI. y—Gl. in the umbilical cord 

a blood and gradually 
a a gradually 
Healthy children | —} 4 | 6.77 4.04, 1.08 0.89 0.73 increases later on. 
Eutrophic rickets; » 5 6.78 3.95) 1.13 0.94 0.77 a-globulin content 


Dystrophic rickets! _» 6 | 671 3.61 1.38 1.01 0.71 is lowest in the blood 
from the umbilical 
cord and the content 


TasLE 198. Electrophoretic Analysis on Serum Fraction of Rickets 





Healthy children| $1 12 | 7.07 410 1.04) 1.02 0.88 


Eutrophic rickets | ” 9 7.16 4.03 1.26 0.98 0.82 changes little there- 
Dystrophic rickets)» 8 7.03 3.24 1.88 087 083 after 

Healthy children| 1-3 25 7.46 4.20 1.25 1.01 099 — B-globulin content 
Eutrophic a 7 637 4.04 1.41. 1.02 091 18 lowest in the blood 
Dystrophic rickets)» 6 685 351 1.63 0.77 094 from the umbilical 


cord and the content 
changes little thereafter. 
y-globulin content is highest in the umbilical cord blood, rapidly falling 
off down to the 6th month, but rerising thereafter with age. Only the content 
of y-globulin is approximately equal to that in the mother’s blood, the contents 
of other fractions being always lower in the child’s than in the mother’s blood 
serum. 


II) Fractional Figure of Serum Proteins in Dystrophic Children 

The subject figures of sera from 19 dystrophic children (11 light and 8 
severe rachitic cases) were studied in comparison with those of normal children of 
similar ages in Tohoku District. 

Total protein content: In comparison with normal cases, this item shows 
a marked and quite significant decrease in hightly dystrophic children, but the 
decrease was rather slight and insignificant in severely dystrophic cases. One 
of the causes of such a difference may be sought in the decrease of water content 
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in the severe cases, leading to a condensation of blood. Albumin content and 
albumin-globulin ratio showed significant lowering in both the light and the 
severe cases. 

a-globulin content increased in a significant degree in dystrophic cases, 
both light and severe. 

f-globulin content: Slightly decreased, but not significantly. 

y-globulin content: Generally the same as in the preceding, but the content 
showed rather wide ranges of individual fluctuation, especially in the severe 
dystrophic cases. The y-globulin content and the results of thymol tests showed 
a perceptible parallelism. 

III) Fractional Figure of Serum Proteins in Rachitic Children 

Dystrophic white mice made rachitic showed decrease of total protein 
and albumin contents and increase of a-globulin count in comparison with 
control animals, while the rachitic white mice normally fed with casein added 
low-phosphate diet a consistent increase in total protein, in a-globulin and y- 
globulin contents. 

The fractional figure of non-dystrophic rachitic children showed no differ- 
ence from that of normal children. But the range of fluctuation in the indi- 
vidual figures of decreasing total protein and albumin contents and increasing 
a-globulin content was rather large. 

A frank difference was found in the change of total protein content of serum 
from the rachitic children who showed typical tetanic reaction upon tetany 
induction tests and from control children. 

When vaccine prepared from new-born pneumonia (Type Sendai) Virus, 
Fushimi strain, was inoculated in dystrophic rachitic children, no such a sub- 
sequent rise in y-globulin content, as observed in the control cases, was observa- 
ble. 

When 1,200,000 I. U. of vitamin D, was intramuscularly administered to 
dystrophic rachitic children, their total protein content, albumin content and 
y-globulin in serum showed increase with the alleviation of rachitic symptoms. 
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Electrical Excitability of Peripheral Nerve in 
Rachitic and Dystrophic Children 


INTRODUCTION 


The electrical examination, or electrodiagnosis, is considered to be a major 
or even and essential part of neurologic diagnosis. In fact, the evolution of 
neurology as a specialty largely followed the development of electrodiagnosis and 
electro-therapeutics. The studies of electrical excitability in peripheral nerves 
were reported by Erb, Stintzing, Mann, ‘Thiemich, Hirai and Komeda et la. 

In Tohoku District many rachitic patients are seen. Arai reported that 
even in apparently healthy children serum Ca level in this District was lower. 
In this paper we examined the electrical excitability of peripheral nerves in 
1,063 normal, rachitic and dystrophic children in Miyagi and Aomori Prefectures, 
Nagamachi Infants Nursery Home, and out-and inpatients cases in this Clinc. 


Method 


In carring out the electrical examination, the stimuli were applied to the 
right ulnar and left peroneal nerve. Determination of the electrical threshold 
of galvanic current was conducted by observing the response to the closing 
and opening of the circuit. At first the cathodal closing contraction (CCC) 
was examined, and then anodal closing contraction (ACC), anodal opening 
contraction (AOC), and finally cathodal opening contraction (COC) was 
measured. 

The indifferent electrode, 7 cm in diameter, was moistened with hot water, 
and it was placed over the middle part of sternum. The stimulating electrode, 
Meyer’s electrode, 1.2 cm in diameter was moistened with hot water, and it 
was placed over the nerves to be tested. The amount of current was measured 
in milliamperes (m A). 


Results 


A. CCC and ACC. 

(1) Normal children (Table 199): A total of 735 normal children, ranged 
in age from 1 month to 11 years was tested, and 254 cases of them were under 
4 years of age. In 30 cases under 6 months of age CCC of ulnar nerves was 
2.50.8 mA, and ACC was 2.8++-1.0mA, CCC of peroneal nerves was 2.80.9 
mA, and ACC was 3.8+1.4mA. The electrical threshold was highest in 6 
months of age. after 6 months of age it became markedly low. after the 
age the results were constant and corresponded with many authors’ data. Tha 
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Taste 199. Normal Children 








Right ulnar nerve Left peroneal nerve 








| 


| 
—|— 
} 


Age ee. |) os ACG qo)... 1.) fae 
(M2) (Mic) | (Ms) (Mo) 

0—6m 30 2.5-40.8 2.8-41.0 2.8:40.9 3.81.4 
6—ly 54 1940.6 2.50.7 2240.7 3.44 1.0 
II} 58 1.70.6 2540.7 | 22408 3,441.5 
1y—2 60 1.70.4 23406 | 22407 | 3241.1 
2-3 50 1.60.6 2440.5 | 21409 3.10.9 
3—4 2 1.10.5 21204 | 1.50.2 2.30.3 
Total 254 1832084 | 2584076 | 2344062 | 3491.27 


average electrical threshold in ulnar nerves was 1.83+0.84mA in CCC, and 
2.58+0.76 mA in ACC; in peroneal nerves was 2.34+0.62 mA in CCC and 
3.49+1.27 mA in ACC. 

Generally speaking electrical excitablity in peronal nerves was higher than 
in ulnar nerves. 

(2) Severe dystrophic children (Table 200): 31 cases, ranged in age from 
6 months to 4 years were tested. Average electrical threshold in ulnar nerves 
in 11 cases in age from 2 to 3 years was 1.5+0.3mA in CCC, 2.0+0.5 
mA ACC; in peroneal nerves was 1.6+0.3 mA in CCC, and 3.0+1.2 mA in 
ACC. In this age range, the electrical threshold was lowest. In cases above 
this age it was same as an adult. 


TaBLe 200. Severe Dystrophic Children 








Right ulnar nerve Left peroneal nerve 
Ae ia, canes CCC ACC ccc ACC 
(M+:) (M+2) (M=+s) (M+<) 
0—6m 0 - -- -~ 
6—ly 7 2.0+0.4 2.6 +0.5 2.3 +0.6 3.8 +1.3 
1—1}4 10 2.0+0.4 2.5 +0.3 2.4 +0.9 3.6 +1.5 
14—2 2 1.8+0.4 1.75+0.4 2.25+0.4 3.75+0.4 
2—3 11 1.5+0.3 2.0 +0.5 1.6 +0.3 3.0 +1.2 
3—4 | 2.25 2.75 2.2 2.5 
Total a. * 1.83+0.14 2.30+0.51 2.09 +0.68 3.44+ 1.21 
TasLe 201. Eutrophic Severe Rickets 
Right ulnar nerve Left peroneal nerve 
Age a om ccc acc | occ ACC 
(M=+<c) (M+:2) (M=+<) (M+s) 
0—6m 3 2.1+0.4 2.6+0.8 2.8+0.3 3.8+0.2 
6—ly 3 1.4+0.7 2.0+0.9 1.4+0.5 3.2+0.8 
I—14 2 1.1+0.1 2.7+0.2 1741.2 2.7 +0.6 
14—2 5 1.4+0.4 2.2+0.5: 1.7+0.4 3.41.3 
2—3 8 1.6+1.0 2.2+0.2 2.0+0.3 3.1+1.4 
3—4 | 2.0 2.0 1.4 3.1 
Total 22 1.57 +0.24 2.27 +0.3 1.70+0.24 3.21 +0.74 
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(3) Eutrophic severe rickets (Table 201): 22 cases, ranged in age from 
4 months to 4 years were examined. 

The average electrical excitability in all ages was more sensitive than normal 
child in CCC as well as in ACC of both nerves. 

(4) Severe dystrophic, severe rickets (Table 202): 18 cases, ranged in age 
from 4 months to 3 years were examined. The average electrical threshold 
in ulnar nerve in age from 2 to 3 years was 1.7+0.3 mA in CCC, 1.8+0.3 mA 
in ACC, and in peroneal nerves was 1.7+0.3mA in CCC, and 2.8+0.9mA 
in ACC. The electrical excitability of this age was most sensitive in all ages. 


Tas_e 202. Severe Dystrophic, Severe Rickets 





Right ulnar nerve | Left peroneal nerve 





Age No. cases CCC ACC CCC ACC 
(M+<a) (M=xc) (M+<c) (M=+c) 

0—6 m 1 2 2 2 2 
6—ly 0 - -- _ 

1—1} 7 1.8+0.2 2.741.2 2.241.2 3.8+1.0 
14—2 7 1.8+0.3 2.2+0.8 2.140.9 3.6+1.2 
2—3 3 1.740.3 1.8+0.3 1.7+0.3 2840.9 
34 0 sr _ ote es 

1.81+9.29 2.33+0.88 2.08 £0.83 3.50+1.11 


Total 18 


It was more sensitive in these cases than in normal children, but was less 
than in eutrophic severe rickets. 

B_ Hyperexcitability 

An AOC of ulnar or peroneal nerves obtained with less than 5 mA of current 
is considered as slight hyperexcitable (+) (Pirquet’s phenomena), and an COC 
obtained with less than 5 mA of current is considered as marked hyperexcitable 
(+) (Erb’s phenomena). 

In a total of 325 normal, rachitic and dystrophic children, the electrical 
examination of hyperexcitability was tested. 

(1) Normal children (Table 203): In 254 normal children under 4 years 
of age, there could be found no marked hyperexcitability. The slight hyper- 
excitablity was as follows: The hyperexcitability-ratio was 16.7% in age under 


TasBie 203. Normal Children TaBLE 204. Severe Dystrophy 





| Hyperexcitability Hyperexcitability 


Age des Grade sr Age onan Grade Ratio 
= - (74) = + (%6) 
0—6 m 30 5 0 16.7 0—6 m 0 0 0 0 
6—ly 54 12 0 22.2 6—ly 2 7 0 28.6 
I—1} 58 24 0 41.4 1—1} 7 10 0 70.0 
14—2 60 14 0 23.3 14—2 0 2 0 0 
2—3 50 18 0 36.0 2—3 3 11 0 27.3 
3—4 2 ] 0 50.0 3—4 0 1 0 0 
Total 254 74 0 29.1 Total 12 31 0 38.7 
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6 months, 22.2% in age from 6 months to | year, 41.4% in age from | to 1} 
years, 23.3% in age from 1} to 2 years, 36% in age from 2 to 3 years, and 50% 
in age from 3 to 4 years. This ratio was smallest in age under 6 months as 
same as the electrical threshold of CCC & ACC. 

(2) Severe dystrophy (Table 204): In 31 severe dystrophic patients, there 
was no marked hyperexcitability. The slight hyperexcitability was as follows : 
there were 7 excitable in 10 cases in age from 1 to 1} years, and the hyperex- 
citability ratio was 70%, but there were none in age from 1} to 2 years. 

(3) Eutrophic severe rickets (Table 205) : Of 22 eutrophic severe rickets, 
there was only one marked hyperexcitability aged 8 months. There was no 
hyperexcitable patient in 3 cases under 6 months of age. 





Taste 205. Eutrophic Severe Rickets Tae 206. Severe Dystrophic, Severe Rickets 
Hyperexcitability Hyperexcitability 
No. ‘ No. ae % 
Age Pow Grade Ratio Age pant Grade | on 
“be t (%) + + (7) 
0—6 m 3 0 0 0 0—6 m 1 1 0 | 100.0 
6—ly 3 1 1 66.7 6—ly 0 0 0 0 
1—14 1 0 50.0 I—1} 7 3 0 42.9 
14—2 5 3 0 60.0 14—2 7 1 o | 143 
2—3 8 4 0 50.0 2—3 3 2 1 100.0 
3—4 1 l 0 100.0 3—4 0 0 eo | 0 
Total 22 10 l 50.0 Total 18 7 1 | 444 


(4) Severe dystrophic severe rickets (Table 206): Of 18 severe dystrophic, 
severe rickets, there was only one girl aged 2 years showed remarkable hyper- 
excitability. 

Figure 135 (left) is the hyperexcitability ratio according to clinical severity 
of rickets. While the ratio was 29.1% in normal children, it was 31.8% in 
slight rickets and 50% in severe rickets. We could know the ratio ran parallel 
with the clinical severity of rickets. Figure 135 (right) is the rickets complicated 





























Without dystrophy |With severe dystrophy 
No. of cases examined 254 129° 22 at” 2 fa 
No. of cases of 4 4) ft a a & 
Hyperexcitabilit 
- . 500% 
Pa 444% 
3189 38.7% 33.34, 
Hyperexcitability ratio il Be | I 
Severity of Rickets 1) Oe (7  & 


Fig. 135. Electrical excitability of rachitic children. 


with severe dystrophy. While the ratio was 38.7% in severe dystrophy, it was 
33.3% in severe dystrophic slight rickets and was 44.4% in severe dystrophic 
severe rickets. Consequently we noticed that the ratio did not run parallel 
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with the clinical severity in the rickets complicated by severe dystrophy. 

Figure 136 (left) is the electrical excitablity of the cases of dystrophy. While 
the hyperxcitability ratio was 29.1°% in normal children, it was 36.4% in light 
dystrophy and 38.7% in severe dystrophy. The ratio ran paralled with the 
clinical severity of dystrophy. Fig. 136 (right) is the dystrophy complicated with 
severe rickets. Relationships between the electrical excitablity and the clinical 
severity of dystrophy was noted. 





Without Rickets| With severe Rickets 


No. of cases examined 254 140 3] 22 24 18 
No. of cases of 7 S51 22 ito 2 
Hyperexcitability 


poe yyy, 


364% 38.7% 375% 
Hyperexcitability ratio ff | | | | 


Severity of Dystrophy () H (WH (-) @® (HH 


Fig. 136. Electrical excitability of dystrophic children. 








C Administration of Sodium biphosphate (Fig. 3) 

Sodium biphosphate was orally given to 17 rachitic and 4 normal children, 
and the change of the electrical threshold in them was followed up, at the 
same time observing tetany symptoms. 

Figure 137 illustrates 2 cases observed the tetany symptoms following the 
administration, and it shows marked rise of sensitivity in electrical excitability 
in 3 hours, in contrast with the fall of serum Ca and so called diffusible Ca levels. 

A change in the quantity of the administrated sodium biphosphate is 
as follows (Fig. 138): The left figure isa case, aged 4 years, observing the tetany 
symptoms following administration of the dosis of 0.5 g per Kg of weight. It 
shows marked rise in electrical excitability, and marked fall in serum Ca and 
so called diffusible Ca levels. ‘The middle figure is the same case observing the 
tetany symptoms following administration of dosis of 0.3 g per Kg of weight. 
It shows the same features as above. ‘The right figure is the same case of 0.1 g 
per Kg of weight without tetany symptoms. There is no marked fall in serum 
Ca and so called diffusible Ca, but marked rise of electrical excitability. that 
is, only the rise of electrical excitability is not evaluation of this experiment. 

Figure 139 is 2 cases observing no tetany symptoms. The left one shows 
marked fall of serum Ca and so called diffusible Ca level, and no marked rise of 
electrical excitability. The right one is a case observing no tetany symptoms 
in spite of marked fall of serum Ca and so called diffusible Ca level and marked 
rise of electrical excitability. 


CONCLUSION 


A Electrical examination of CCC & ACC in ulnar & peroneal nerves 
was tested in 1,063 normal, rachitic and dystrophic children. 
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(1) In 254 normal children under 4 years of age, the electrical excitability 
under 6 months of age is less sensitive, and after this age more sensitive. 

(2) In severe dystrophy there is no difference from normal children. 

(3) In severe rickets the electrical excitability is more sensitive. The 
cases complicated with dystrophy are, however, almost as same as normal. 

B Electrical examination of AOC & CCC was tested in 325 normal, 
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rachitic and dystrophic children. 

(1) There are 29.1% of slight hyperexcitablity in normal children, 31.8% 
in slight rickets and 50% in severe rickets. 

(2) Hyperexcitability ratio is 36.4% in slight dystrophy and is 38.7% in 
severe dystrophy. 

(3) In the case of rickets complicated with dystrophy, electrical excitability 
dose not run parallel with the clinical severity of the diseases. 

C Sodium biphosphate is given to 17 rachitic and 4 normal controls. 

(1) Following administration, the cases observing tetany symptoms shows 
marked rise in electrical excitability and marked fall in serum Ca and so called 
diffusible Ca levels. 

(2) A change in the quantity of the administered sodium biphosphate 
is as follows: Tetany symptoms are observed in dosis of 0.5 and 0.3 g per Kg 
of weight, and are not observed in dosis of 0.1 g. We noticed that the factor 
of the evaluation of this experiment is not only the rise of electrical excitability, 
but also serum Ca and so called diffusible Ca levels should be measured. 

(3) In the cases without tetany symptoms, there are usually no rela- 
tionship between the changes of electrical excitability and serum Ca and so 
called diffusible Ca levels. 
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Electrocardiogram of Rickets 


First Report 


INTRODUCTION 


It is not necessary to emphasize that rickets is closely related to other dis- 
eases in children. The problem of low serum calcium content in rachitic cases 
has been taken up so eagerly by many authors that the study on the electrolytes 
in rachitic patients has now come to the fore, and change appearing on electro- 
cardiograms, for such cases have become a favorite theme of recent studies in this 
field, because they are closely related to the contents of electrolytes. The 
author undertook the study reported in the following for the purpose of 
elucidating the changes in the heart and its function in rachitic children and 
in Tohoku District by means of electrocardiography. 


Method and Subject 


A PC 2 type Eika ECG meter, adjusted to the standard sensitivity of 1 m.v 
=1cm was used. The subject was laid at rest in a dorsal position and his 
standard limb induction was recorded. The QT-ratio by Goldberger’s QT- 
ratio Nomogram was measured and if the ratio exceeded 0.19, the OT duration 
was elevated as prolonged. For the computation of the electric axis, the Diagram 
by Wenckebach and Winterberg was used as reference. 

As test subjects, 73 children were selected from among the rachitic children 
and infants who entered Tohoku University Hospital and who were diagnosed 
as such at the mass-examinations of infants and children in Miyagi Prefecture. 

From among these subjects, 20 eutrophic-rachitic, 17 dystrophic rachitic, 
35 mild rachitic and 25 severely rachitic infants and children were chosen for 
comparative study of their ECG. ECG were also taken of 20 children who 
were diagnosed at the Pediatric Clinic of Tohoku University to be in normal 
health and the records were used for control. 


Results 


1. Forms of the Curves 

As shown in Table 207, the heights of the waves P.Q.R.S. and T showed no 
difference between normal and rachitic children. 

The waves for eutrophic-rachitic and dystrophic-rachitic cases are not much 
different, as shown in Table 208, no marked lowering of the T wave being ob- 
served. 
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According to the severity of the rickets, no marked difference in the wave 
was observed. In mild rachitic cases, a lowering of either T, or Ts was observed, 
but no simultaneous lowering of the two was ever observed in any of the in- 
ductions. 

2. Temporary Relation of the Curves 

As shown in Table 210, the minimum values of the distance between P waves 
and QRS complexes are shortened in rachitic in comparison with normal 
infants, but the mean values are not much different. No case showed a dis- 
turbed atrio-ventricular conduction time. No perceptible difference was 
observed in eutrophic and dystrophic rachitic cases, as shownin Table 211. The 
changes observed by the severity of rickets were of no significance as shown in 
Table 112. 

3. Electric Axis 

Whereas all the normal subjects, as shown in Table 213, showed normal 
electric axis among the rachitic infants, 8.2% of the total number showed 
deviations to the left and 13.6% to the right of the axes. 

4. QT Duration 

As stated above, the QT-ratio which I used in the determination of anoma- 
lies in QT time, stood at 1.02 on an average in normal infants, only one case 
showing a value of 1.09, as shown in Table 214. In rachitic infants and children 
the mean QT-ratio was 1.031, showing a duration over the normal value. The 
dystrophic-rickets showed the value 1.029, longer than that of eutrophic-rachitic 
children and infants 1.017, showing a greater prolongation QT duration. The 
severe rachitic subjects showed a mean value of 1.053, and in comparison with 
the value 1.023 of mild rachitic infants and children, a longer prolongation of 
QT time in the former was obvious. 

A pathological prolongation of the QT time was found only in 5‘ 
healthy controls, but such a prolongation was apparent in 21.9% of the total 
rachitic subjects, in 15% of the eutrophic-rachitic, in 23.5% of the dystrophic- 


% of the 


rachitic, in 14.2% of the light rickets and in 14.2% of the severe rachitic cases. 
5. Anomaly in ST and T 
No one either in the normal or in the rachitic group showed pathological 
rise or fallin ST. Some cases showed negative result on the lead III, in respect 
of the T wave, but none of them could be deemed as pathological. 


Discussion 


In 1931, Hoshi reported on the ECG of 30 rachitic cases, in which he said 
no perceptible anomaly was found in the ECG, but a predominance of the right 
ventricle was observable in 10% of the subjects. I derived the electric axis of 
QRS in my tests by means of the nomogram by Wenkebach and Winterberg, 
and thereby found the axes deviated to the left in 8.2% and to the right in 13.6% 
of 73 cases. With respect to the wave forms and timely relation of the curves, 
I found no changes, worth mentioning as with the case of Hoshi. In particular, 
the absence of anomaly in ST junction and T wave suggests that none of the 


rickets cases was complicated with troubles in the myocardium, and that rickets 
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Taste 213. Electric Axis Deviation in Rickets does not directly affect the 

: 1°" ; — myocardium. But in QT dura- 

No. | Left axis | Normal axis, Right axis . 1 ae 

cases deviation deviation deviation tion, an anomaly was obvious. 

— The prolongation of QT time 
Rickets | 73 6 (8.22%) 57 (78.024) 10 (13.622) Wave was more frequent in 
severe than in mild, and in 
dystrophic than in eutrophic 
rickets cases, and in_ severe 
rickets, a clear prolongations 
was observed in 36.0% of ,the 





eg 20 0 20 (100.022), 0 
infants 


Taste 214. The QT Duration in Rickets 





QT-ratio Prolon- 
No. gation tested cases. 
Min | Max | Mean (%) Now, prolongation of QT 
a time is chiefly observable in 
Rickets 73 0.89 1.19 1.031 21.9 


case of low blood Ca, low blood 
Nutritious | 99 0.89 1.14 1.017. 15.0 —_K, quinidine poisoning, troubles 


rickets : . 

Dystrophic 7 0.90 1.19 1.029 935 m the cardiac muscles and 
= hypertension. M. Sato and H. 

igh ar i 9° ‘ . + 8 . 

aie 35 (0.89 1.15 1.023, 14.2 Abe of this Clinic examined the 
ie 2 0.92 119 | 1.053 36,9 serum contents of Ca and K in 
aeuil the same subjects that I had 
: 20 0.90 1.09 1.020 5.0 

infants and reported on the subnormal 


values of these contents in them. 
As I could neither observe hypertension, myocardiac trouble or quinidine poison- 
ing in the subjects, it might be attributed to the reduced serum Ca contents. 


CONCLUSION 


Upon examination of 73 rachitic children and infants in Tohoku District 
by ECG, the following results were obtained : 

1. No perceptible anomaly is observed in the forms of the deflections in 
their ECG. 

2. No anomaly in their myocardium can be observed. 

3. No disturbance in the atrio ventricular conduction time was observed, 
but a prolongation of QT duration was observed in 21.9% of the subjects. 

4. The above prolongation of QT duration tends to be found more fre- 
quently in dystrophic rachitic and severely rachitic cases. 


ECG Study of Ricket in Tohoku District 


Second Report 


INTRODUCTION 


I have reported in my first report that the prolongation of QT time is the 
chief anomaly observable in the ECG of a rachitic case has been stated in my 
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first report, and that this prolongation of QT time may be attributed to the 
decrease of serum Ca, from the commonly observed reduction of the Ca content 
in serum in rachitic cases. It is, then, of interest to investigate the relation 
between the changes in serum Ca and QT duration. I performed, therefore, 
tetany induction tests on rachitic cases for the purpose of determining the changes 
in QT time due to a change in the serum Ca content. 


Method and Subject 


To take ECG, a PC, type Eika ECG meter, adjusted to the standard sensi- 
tivity of 1 m.v=1 cm, was used. The subject lay on the back and after the 
tetany induction test, ECG was registered every 3 hours. 

To determine anomaly in QT time, the QT-ratio was calculated, in the 
same way as described in my first report. 

The subjects were selected from among severe rachitic children as in the 
previous study, and upon oral administration of secondary phosphate of sodium, 
7 children in whom positive tetanic reaction was induced were subjected to 
examination by ECG. (The doses of phosphate was 0.5 gr per Kg body weight, 
and children in whom plain tetany fits were induced in 30 to 60 minutes were 
deemed positive). 


Results 


As shown in Table 207, the QT-ratio in tetany positive rachitic cases stood 
at 1.053 on an average before the induction test, but one hour after it, the 
ratio rose to 1.14, in 3 hours to 1.17 and came down to 1.11 in 6 hours. This 
shows that the QT time is prolonged maximally 3 hours after the test. After 




















Tas._e 215. The QT Ratio in Tetany o 
Positive Rachitic Cases QT ratio ie) 
Grade a n 
Case | Age Sex| of | Ohr | Lhr | 3hrs | 6hrs 120 ™ 
lrickets 
1 | 2—0| 9 + 1.05 1.12; 106) — 
2 | 2-6); 6 ++ 1.1 120°} T2353 ) 121 LIS 
31/49/29) # | 102] — | 1.21] 1.11 
+ 1—8 | ++ 1.05 1.17 | 1.24 1.06 
5 | 3—4/ 9 Ht 1.015} — | 1.16 | 1.12 
6 |13—9)| 9 Hh 1.06 1.18 | 1.08 
7 |2—3)| ¢ Hh 1.08 1.08 | 1.12} 1.10 110 
Mean 1.053) 1.14 | 1.17 | 1.11 
Tas_e 216. The QT Ratio in Normal 105 
Children in Tetany , 
Induction Test 
Case Age Sex | Ohr | lhr | 3hrs | 6 hrs loo; ° ° 
I I-6 | @ | 1.03 | 1.06 | 1.07 | 0.98 _— F oe 
2 9—2 FS 1.0 | 1.14] 1.12 | 1.04 Fig. 140. The QT ratio in tetany 
iin 1.015! 1.10 | 1.095! 1.01 induction test in rachitic and norma! 


children. 
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similar tests, the Q’T-ratio 
in normal children rose to 


Case4 ly 8m 6 








K €a QT 1.10 from the original 1.015, 
94) 44) ratio in one hour remained at 
1.095 for 3 hours and fell 
120 to 1.01 in 6 hours. That 
aT r. is to say, the QT time is 
22 prolonged 1-3 hours after 
the test in normal children 

20 ‘ 1.10 too. 
18 , The blood pressure of the 
tested infants and children 
16 7 Ca ranged between 120 mmHg 
6 100 ary ri and 95 mmHg throughout, 
Oo 1 > 6 hrs no abnormalities of blood 


pressure being observed. 
No perceptible difference 
was observed in the atrio- 








K Ca aT “shoe ig 
MGA) M44) ratio ventricular conduction time 
before and after ,the tests, 
420; suggesting no disturbance 
in the transmission, 
No marked changes were 
aT r. observable in P,Q,R,S and 
20 _. 410) T waves, in ST-junctions. 
. & The duration of QRS com- 
8 plexes showed no anomaly 
x either. 
5 6 1.00) Ca 
O } 3 yo , SUMMARY AND Djscusston 
Fig. 141. The relation between the QT ratio and the The contents of electroly- 


serum Ca and K contents in tetany positive rickets. . 
Bim tetany postive sickets tes in serum have a very 


close bearing on ECG, and, recently the important relation between electrolytes 
and infantile diseases have been under discussion. 

The serum Ca and K contents have direct influence on ECG, an increase 
or decrease of Ca in serum causing a prolongation of QT time and a change 
in serum K results in a change in the hight of T wave and of the length of the 
QT time. 

In the case of rickets, the serum calcium content usually falls subnormal, 
which is also true in Tohoku District, according to M. Sato of this Clinic. Serum 
K content is slightly high in rickets in this District, according to a report by H. 
Abe. In the cases subjected to tetany induction tests, the serum Ca content 
falls to the lowest level 3 hours after the test as shown in Table 208. The serum 
K content shows a temporal elevation in one hour, but recovered to the former 
value in 6 hours. Thus, the results of the tetany tests, as shown in the changes 
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of QT time and serum Ca content, coincide completely, suggesting the decrease 
in serum Ca content as the cause of OT time prolongation. The mean values 
of QT time are prolonged longer in rachitic than in normal children, and the 
influence of the tetany induction test on the QT time is more marked in severe 
rachitic children who have remarkably low serum Ca content. 

A change in serum Ca is apt to affect T and RS-T, but in this study, no 
marked change could be found. In tetany reaction, the shortening of PQ time 
is sometimes observable, while the QT time is always prolonged. In my study, 
however, no case of appreciable shortening of PQ time was found. 


CONCLUSION 


ECG findings taken after tetany induction tests in rachitic children in 
Tohoku District were studied, and the following results were obtained : 

1. No marked change was found in the deflection of ECG. 

2. No signs of disturbance were observed in atrio-ventricular conduction 
time or in the myocardium. 

3. The QT duration in the ECG was subjected to a perceptible change, 
recording a marked prolongation 3 hours after the test. 

4. Such a prolongation of QT duration is mainly attributable to the 
lowering of the serum Ca content. 
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Electroencephalographic Findings in Rickets 
and in Tetany 


INTRODUCTION 


It is widely known that tetanic manifestation is caused by hypocalcemia 
and alkalosis. In addition to these factors, many other factors such as ab- 
sorption and excretion of calcium and regulation of calcium metabolism must 
be taken into consideration. Hypocalcemia in rickets due to vitamin D de- 
ficiency depends upon incomplete absorption of calcium in the upper part of 
the small intestine. 

Tetany generally does not occur in rickets except under a special condition, 
but does occur only in a limited number of rachitic infants, whose inadequate 
intake of vitamin D, is the most frequent cause of tetany and who are compli- 
cated by dysfunction of parathyroid induced by high grade hypocalcemia. 

The electroencephalographic changes in patients with idiopathic or post- 
operative hypoparathyroidism were studied by Gotta and Odiiz (1948).” 
Klotz et al. (1955)?) and Hansted e¢ al. (1953)*) reported the fact that the electro- 
encephalographic changes in rachitic infants with tetany could be cured by 
vitamin D therapy. 

The present report describes the occurrence of five cases of rickets, three 
cases of rickets associated with persistent tetany, one of them with tetanic fits 
induced by provocation and the last one without fits, with special reference to 
the electroencephalographic features in them. 


Clinical Observations 


Case 1: K.I. A female infant, aged one year and six months, was born 
in normal delivery, weighing 2,600 g at birth. The patient was bottle fed. 
The method of feeding was inadequate because of her mother’s negligence. 

Physical and mental development was, therefore, markedly retarded. Ac- 
cording to the mother, the illness of patient was first observed in the form of 
mild respiratory infection with a little cough on Jan. 28th, 1955. She suddenly 
cried 2 days later. Characteristic twitchings and tremors in the upper ex- 
tremities and the rigidity of both legs occurred without convulsion. 

The infant was conscious, but profuse sweating and stridor supervened. 
On Feb. 3rd, the patient was admitted to our clinic. 

Physical findings on admission: body weight 7.5 kg, temp. 37.7°C, nutri- 
tional status dystrophic, edema on face observable, no cyanosis. 

There were hoarseness of voice and stridor which might be due to laryngeal 
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TABLE 217. 


J. Nihei 


(Case 1 K.I. 


2; 








Serum 


whole blood 


spinal fluid 


Urine 


Liver function 


Feces 


Thorn test 


Laboratory findings 


Ca 

Catt 

P 

Pt 

Na 

K 

Mg 

Cl, 

Total base 
pH 

co, 
Cholesterol 
Total protein 


Fe 

Sugar 
H.O 
N.P.N. 
Creatinine 


Turbidity 
Pressure 
Cell count 
Glob. react. 
Ca 

P 

Mg 

Cl, 


Daily excretion 
pH 

S.G. 

Ca. 

ig 

Creatinine 
Creatine 
Indican 


Icterus index 


Cobalt reaction 


Thymol turbidity test | 


Brom sulfalein test 


Ca. 

P. 

Fat contents 
percent 

Fat, dried weight 


Hardness of bone 
by Sano’s osteometer 


Gastric juice 


Peripheral 
blood 


Note: 


| ee ee 


HCl 
Free HCl 
Occult bleeding 


R.B.C. 
Hematocrit 
Hb 


W.B.C. 


6.0 mg/dl 
1.35 mg/dl 
3.16 mg/dl 
20.65 B.U. 
133.5 mEq/L 
5.9 mEq/L 
1.80 mg/dl 
380 = mg/dl 
143.9 mEq/L 
7.42 
19.5 Vol% 
220 = mg/dl 
6.12 gr/dl 


27.1 mg/dl 
72 = mg/dl 
83.5 % 
21.5 mg/dl 
0.69 mg/dl 


clear 
300 


3.65 mg/dl 
1.71 mg/dl 
2.7 mg/dl 
2 mg/dl 


cc 


mg/kg 
mg/kg 
mg/kg 
mg 


+. 


65 U 


905 mg 
91.7 mg 
8.6 g 


26.8 2% 


38 


6.0 
0 


6.55 10* 
40.2 % 
15.3 g/dl 


9200 


mmH,O 
6/3 (L/N=6/0) 


| 


| 
| 


| 


4.610% + 0.7108 


Normal range 





10 mg/dl 
3.0— 5.0mg/dl 
4.0— 7.0mg/dl 
5.0—10.0B.U. 
133—143 mEq/L} 
4.0— 5.5mEq/L | 

2.0mg/dl 
355—376mg/dl | 
143—150mEq/L_ | 
7.40 | 


40—60 Vol2z 
170—200mg/dl 
6.5—7.5 gr/dl 
47—55 mg/dl 
70—100mg/dl 
79— 81% 

25— 40mg/dl 


0.5—2.0mg/dl 





| 

| 

| 

clear | 
70—200mmH,O 

within 10/3 | 

| 

| 

| 

| 

| 

| 


4.0 mg/dl 
1.5 mg/dl 
2.5 mg/dl 


5—7 
within 1022 
5.0 mg/kg 
15 mg/kg 

7—10 mg/kg 
10—50 mg 
small amount 


4—6U 
R;—R, 
0—424 
0—526 


563 mg 
172 mg 
1.04+0.41 gm 


11.0—25.5% | 





more than 502% 


11.0 
5.0 


| 

| 
3.20—5.50 kg | 
| 

| 
| 

} 

3545 } 
11.2gm/dl | 
8000— 16500 | 


: indicates the lowered value than in the normal. 
: indicates the higher value than in the normal. 
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spasm. The development of the teeth was delayed severely by dental caries 
and the defect in the enamel. The anterior fontanel was widely opened. 
Rosary and Harrison’s groove were elicited markedly. The characteristic 
position of the upper ¢xtremities called accoucheur’s hand was revealed. Epi- 
physis was enlarged. The foot extended in bow legs and talipes equinovarus. 

Trousseau’s and Chvostek’s signs, were both positive. Peroneal sign was 
markedly noted. Laboratory data are presented in Table 217. Total calcium 
in the serum was 6.0 mg/dl and ionised calcium 1.35 mg/dl. These findings 
were much lower than the normal. In line with them, the electrical threshold 
of the ulnar and the peroneal nerve were distinctly lowered (Fig. 142). 
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Fig. 142. Chemical findings of Ca, Cat, P and Pt. in Serum and 
Clinical course. 


Phosphorus in serum: 3.16 mg/dl. Alkaline phosphatase: 20.65 B. U. 
abnormally high. Spinal fluid revealed no pathological findings except an 
increase in the pressure. Calcium in urine was small in amount, while phospho- 
rus increased. Fecal excretion of total fat was greater in amounts than the 
normal, The hardness of the bone measured by Sano’s Osteometer was reduced. 
Roentogenograms of the bone were as shown in Figs. (143-146.) The normal 
epiphyseal line disappeared and poor calcification of skeleton was elicited in 
faint shadows. A wide zone of uncalcified tissue could be seen between the 
epiphysis and diaphysis. Consequently, at the end of the bone, cupping and 
frayed features, characteristics in rickets, could be elicited. 

In electrocardiograms, PQ interval was prolonged, being 0.18 sec. QT 
ratio was 1.09, which means a prolongation of the conduction time (Fig. 147 and 
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Fig. 143. Rachitic X-ray findings in case 1. Photos A & B, on Feb. 
3rd, 1955, on admission. Photos C & D, taken on March 3rd, 23 days after 





admission. Rachitic epiphysis, frayed, epiphyseal line disappeared, faint 


shadow of osteoporosis. 





Fig. 144. Rachitic X-ray findings in case 1. Photo, E & F, taken at 
27, March, 46th day after admission, rachitic changes exist. Photos. G & 
H, taken on April 29th, 1955, show bone fractures in Humerus. 
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Fig. 145. Rachitic X-findings in case 1. Photos I & J, taken on June 





5, 52 days after vitamin D, treatment, show appearances of pro- 
visional zone of calcification in epiphysis. Photos K & L, taken on July 10th, 


1955. Epiphyseal line and center of ossification appeared. 





M 





Fig. 146. Rachitic X-ray findings in Case 1. Photos M & N, taken 


95 days after vitamin D, treatment, at the time of discharge. 
) 2 g' 
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Fig. 147 Fig. 148 
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Fig. 147. E.C.G. findings of case 1, aged 1 y 6m. on Feb. 2nd, 1955. 
PQ interval: 0.18 sec, QT ratio: 1.09, Serum K: 5.9 mEq/L, Serum Ca: 
6.0 mEq/L. 

Fig. 148. E.C.G. findings of the same case on July 27th, 1955. PQ inter- 
val: 0.17 sec, QT ratio: 1.16, Serum K: 3.6 mEq/L, Serum Ca: 9.4 mEq/ 
L. Clinical symptoms much improved due to vitamin D, treatment. 


An E.E.G. taken during the tetanic manifestation was as shown in Fig. 149. 
It revealed sporadic slow waves or high voltage slow waves in all leads, and when 
pentothal was administered orally during light sleep, there appeared a spike, 
a wave complex or sharp waves, which were predominant in the right fronto- 
central area. Accordingly, it was concluded that there was a focal brain damage 
in the right frontocentral area and the vertex. These findings suggested the 
suspicions of epilepsy or at least a decrease threshold for convulsion. 

Patient’s course of the illness is given in Fig. 142. The stridor which was 
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Fig. 149. The E.E.G. of case 1, K. I. a female infant, aged 1 yr. 6m, 
taken on admission, during the tetanic manifestation, on Feb. 5th, 1955, 
showing nonparoxysmal continuous high voltage slow waves, 2-3 c/s, in all 


leads, sharp and wave complex localized in left side, and asymmetry. 
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Fig. 150. The E.E.G. of case 1, taken during the latent stage of tetany, 
on April 27th, 1955, showing occasional paroxysmal slow waves with high 
amplitude, 4-5 c/s, without spike and wave complex and asymmetry. Gener- 
ally basic pattern remarkably improved. 
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considered to be a laryngeal spasm 
disappeared in 3 days. The carpo- 
pedal spasm gradually decreased 
with other clinical signs and the 
disease shifted to the state of latent 
tetany 30 days after the admission. 

Electrical excitability was re- 
covered to the normal in examina- 
tion on June 28th. Variations in 
total serum calcium and _ ionized 
calcium and clinical sign reflected 
on them were as shown in Fig. 142. 

A spontaneous bone fracture 
of the humerus took place on April 


28th. (Fig. 146). Appearances of 


the provisional zone of calcification 
were observed in roentgenograms 
at the 52nd day after vitamin D, 
treatment (Fig. 145). The second 
E.E.G. taken on April 27th, 1955, 
under sleep by oral application of 
pentothal showed, on the basic pat- 
tern of fast high amplitude waves, 
sporadic slow and sharp waves in all 
leads, though being dominant in its 
abnormality in the left frontocentral 
area. Such findings as those de- 
scribed above seemed to exceed the 
normal limits, though an asymmetry 
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Fig. 151. The E.E.G. of case 1, taken on June 


23rd, 1955, showing the regular waves of about 


12 c/s. No pathological findings of E.E.G. 
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Fig. 152. The E.E.G. of case 1, taken 
on Aug. 9th, 1955, showing no abnormalities 
within normal limits as that found in third 


E.E.G. 


is occasionally recognizable in the 
infantile stage. Accordingly, the 
focal brain damage was suspected. 
In the previous E.E.G. findings, the 
was localized in the right 
frontocentral area, but in the second 
record, it shifted to the left fronto- 
central area. (Fig. 150). 

In third E.E.G. taken on June 
23rd 1955, during sleep following 
pentothal, the sharp wave or spike 


focus 


and wave complex disappeared, 
which were recognized in the previous 
E.E.G. Occasionally, there was 


a burst of 10c/sec postitive spiky 
waves in the frontal and temporal 
Accordingly, it was concluded 
that the — electroencephalographic 
changes recovered from the brain 
damage. (Fig. 151). 

The sleep recording of E.E.G. 
taken on Aug. 9th, 1955 showed 
rhythms rather within normal limits 
and sporadic slow waves of 4—5 c/sec 
in posterior part, without spiky waves. 

Generally, the E.E.G. recovered 
within normal limits. (Fig. 152). 

Case2: M.S. A female infant, 


area. 


aged 2 months and 25 days, was born after 8 months gestation with breech 
delivery, weighing 1,820¢ at birth: her feeding was artificial. 

The patient suffered from icterus gravis on the 20th day of life, and there- 
after icterus increased day by day. On the 37th day of life suddenly a general- 
ized convulsion occurred, followed by twitchings of facial muscles, intermittent 
tremor of upper extremities and unconciousness. 

These symptoms occurred 4 or 5 times a day, lasting for 1 minute. 

The convulsion was gradually reduced four weeks after the onset. On 
March 9th, 1955, the patient was admitted in our clinic. 

On admission the patient was found to be dystrophic. The facies were 
like those of the aged. The craniotabes and rosary were markedly observed. 
The rigidity of the upper extremities presented themselves with convulsion 
and unconsciousness. Chvostek’s and Trousseau’s signs were markedly positive 
and the peroneus reflex exaggerating. 


Laboratory findings were as shown in Table 218. Calcium and ionized 
calcium in serum distinctly decreased, while phosphorus was within the normal 
Electrical excitability of the ulnar and peroneal nerves markedly in- 


limit. 
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TaBLe 218. (Case 2: M.S. 9, 2m, 25 days) 





| On March 19th-26th, | On April 13th, | On May 10th, 


| 1955 1955 1955 
Ca | 5.70 mg/dl 5.45 mg/dl 7.20 mg/dl 
Ca+ 1.15 mg/dl 1.45 mg/dl 2.80 mg/dl 
S | P 5.19 mg/dl 5.17 mg/dl 5.10 mg/dl 
—— 7 Pt 11.09 Bwu. 14.94 B.u. 10.03 B.u. 
Mg 1.3 mg/dl 1.45 mg/dl ~- 
| Cl | 388 mg/dl | oe - 
| Sugar in | cp | 
| ly 66 mg/dl -- 
: |H ; = 
Ee — | OG. | LomA,, 
| N. ulnaris | COG. 1 5mA (+) -- | more than SmA (—) 
Electrical _ 
threshold | - . ? | 
| N. peroneus | a8 —_— (+) — | more than SmA (—) 


Laboratory findings showing the lower level of Ca and Cat in serum, while phospho- 
rus in normal limits and phosphatase increassing slightly. Decrease of electrical thres- 


hold of peripheral nerves was found and it was improved after treatment. 


creased. In roentgenograms mild 
rachitic shadow was observed on 
the ulnar epiphysis. (Fig. 153). 
Electrocardiograms revealed mark- 
ed sinus tachycardia, 171/min and 
QT ratio, 1,11 which means a 
prolongation of the conduction 
time. 

AnE.E.G. takenon March 28th, 
1955, showed, under sleep recording 
by oral pentothal application slow 
waves (2c/sec) frequency recognized 
in all leads, an asymmetry in the 
right anterior part in amplitude, 
and sporadic sharp waves in the 
right anterior part. Accordingly, 





Fig. 153. Rachitic X-ray findings in case 2. 
Photos taken on March 22nd, 1955, on admis- 
it was concluded that there was a sion. Slight rachitic changes in ulnar epiphysis. 


brain organic damage in_ the 
anterior part of the right hemisphare. (Fig. 154). 

On admission no generalized convulsion was presented. On March 26th 
suddenly an epileptic convulsion occurred, followed by twitchings of facial 
muscles, conjugate deviation and nystagmus. The laryngeal and carpopedal 
spasms were not observed. Intravenous administration of calcium gluclonate 
had no effect on the convulsive seizure. Tetany occured several times a day, 
persisting for 10 days. Tetanic fits disappeared, 32 days after admission while 
total calcium of 7.20 mg/dl and ionized calcium of 2,80 mg/dl remained on the 
lower level even 50 days after admission. 
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Fig. 154. The E.E.G. of case 2, M.S., aged 3 months and 13 days, taken 
on Mar. 28th 1955, n sleep induced by pentothal, showing random slow 
waves, 3-4 c/s, in dominant rhythms of basic pattern mixed with abnormal 
slow waves below 2 c/s, dominant in right frontal area. Sporadic sharp 


waves in left parietal area. 


Case 3: M.K. A male infant, born as one of twins, weighing 2,600 ¢ 
at birth. His mother who had premature rupture in delivery of the patient 
and hyperemesis gravidarum in gestation suffered from continuous severe anemia. 
The patient was bottle fed. Milk preparation had been so much diluted that 
the patient became undernourished. On April 17th, 1953, sudden tetanic 
fits with twitchings and apnoea occurred every hour. The patient was 
admitted immediately to our clinic. 

On admission the patient was 2 months and 10 day old and weighed 3,550 g. 
The rosary and craniotabes were observed. X-ray findings of the wrist joint 
showed a mild rachitic alteration on the ulnar epiphysis (Fig. 155. ‘Trousseua’s 
and Chvostek’s signs were positive. There were no changes in the spinal fluid. 
Total calcium was 7.6mg/dl (on latent tetanic level), while 4.4 mg/dl of phos- 
phorus was in the normal limit and phosphatase was 13.2 B. U. (slightly 
increased) (Fig. 156). 

In E.C.G. taken on April 25th, 1953, QTc of 0.29 sec and PQ interval of 
0.13 sec, was noted a prolongation of the conduction time. The sleep recording 
of E.E.G. induced by pentothal (intravenously) revealed high voltage irregular 
slow activity with spike and sharp burst, especially on the left side. There 
were sporadic high voltage slow waves, 6 c/sec, on the right side. (Fig. 157). 

The patient was diagnosed as hypocalcemic tetany accompanied with mild 
infantile rickets on the clinical signs and laboratory findings mentioned above. 
Treatment by the intravenous injection of calcium and of 100,000 units of 
vitamin D, brought tetanic fits at a standstill temporarily. 19 and 27 days 
after admission, generalized convulsions occurred again. At the same time 
total calcium in serum showed lowered value of 7.6 mg/dl and electrical excitabili- 
ty obviously increased. Therapy consisted of the administration of vitamin D, 
and calcium lactate, and the patient showed no further evidence of tetanic 
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fits. The E.E.G. taken on 
June 13th, 1953, showed 
that there still remained a 
difference in both sides, and 
waves were irregular on the 
left side. The rhythms were 
generally improved com- 
pared with the _ previous 
E.E.G. (Fig. 158). 

Case 4: M.M. A 
female child, aged 3 years 
and 2 months, weighing 
3.100 g at birth in normal 
delivery. She was malnou- 
rished in infancy, because 
of insufficient mother’s milk 
and lack of care. She was 
very retarded physically and 
could not hold her head 
and shoulders until 2 years 
of age. She discriminated 
strangers at 2 years and a 
half, and vocalized a few 
words. She merely asked 
for a food. Her emotional 
reaction was very dull. She 
had no epileptic seizures 
and asked no toilet needs. 

On admission, 10.4 Kg 
in weight. Rosary and dou- 
ble wrist with enlarged distal 
end of bone were distinct. 
Abdomen was distended. 
Fontanel, was closed. Bow 
legs were observed. Roent- 
genograms in wrist joint 
and feet revelaed characteri- 
Stic features of severe rickets 
and retarded appearances 
of bone centers and in hip 
joints showed features of 
coxa vara. Laboratory ex- 
aminations revealed the fol- 
lowing ; calcium in serum ; 
9.0 mg/dl, ionised calcium : 





Electroencephalographic Findings 





in Rickets and in Tetany 





Fig. 155. Rachitic X-ray findings in case 3. 


Photos of upper & lower extremities A & B, taken 
on admission. Slight rachitic changes in ulnar end. 
Photos, C & D, taken 32 days after admission. 


Distinct epiphyseal line due to calcium deposit. 
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Fig. 156. Case 3, aged 2 months and 10 days, male rachitic infant, ad- 
mitted on April, 17th, 1953. Electrical threshold, chemical findings by Ca, 


vitamin D, therapy. 
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Fig. 157. The E.E.G. findings of case 3, M. K., aged 2 months and 11 
days male infant, recorded in sleep induced by pentothal injection. 

Irregular, nonrhythmical waves in basic pattern, especially abnormality, 
in left side. Among them there are sporadic high voltage slow waves, 6 c/s 


dominant in the right side. 


3.70 mg/dl, phosphorus: 3.4 mg/dl, alkaline phosphatase; 22.63 B. U. 


C.0.C. 5mA). 
formed by oral administration of Na,HPQO,. 
20 minutes after that. 


on right frontotemporal areas. 
considered as features of epileptic seizure. 


Electrical threshold decreased slightly in ulnar nerve (A.O.C. 2.6 mA, 
48 days after admission tetanic provocation test was per- 
Tetanic manifestation supervened 
F..E.G. before and after provocation was as shown in 
Fig. 159. Though the E.E.G. before tetanic provocation showed regular con- 
tinuous slow waves of 6—8 c/s in all leads, the E.E.G. after the provocation 
revealed abnormalities of localized atypical spike and wave complex of 3 c/s 
They are regarded as abnormalities commonly 
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Fig. 158. The E.E.G. findings of ‘case 3, taken in improved stage of 
tetanic manifestation, on June 13th, 1953, show that general pattern of rhythms 
is improved. There still remains an asymmetry which is irregular in the left 
side. However, no paroxysmal abnormal waves are found, compared with 
the previous E.E.G. 
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Fig. 159. Case 4. The E.E.G. in a severe rachttic child aged 3 years 2 


months, before and after the tetanic provocation. 
A: In the stage of 3rd rachitic manifestation, showing regular continuous 
slow waves, 6-8 c/s, in all leads before the tetanic provocation. 
B: After the tetanic provocation, showing atypical spike and wave com- 
plex 3 c/s localized in frontotemporal area. Basic pattern: 5-6 cs, 
These abnormalities which are commonly considered epileptic seizure 


resulted from the tetanic provocation. 


Case 5: G.H. A male infant aged one year, weighing 3.500 g at birth. 
He was born in normal delivery with full term. He was breast fed until one 
month of age. At 2 months old he became mixed fed, supplied with mother’s 
milk twice and pure cow’s milk 3 times a day. Since 3 months of age, his 
mother nursed him with too much diluted cow’s milk. He was reared in a 
room of poor sunshine, and kept in a bed all day until 4 months of his age. 
On Dec. 4th, 1953, he was admitted to our clinic. 
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Fig. 160. Variation of Serum Ca, Cat, P. 


Vitamin D, and Citric Acid Therapy. 
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Fig. 161. The E.E.G. in a severe rachitic 
infant, associated with latent tetany, aged 3 years. 
A: Before the treatment of vitamin D,, 

dysrhythmic high voltage slow waves, 

1.5-2 c/s, and slight asymmetry is found. 
B: After vitamin D, treatment, basic pattern 

of 4-5 c/s, which means distinctly im- 
proved features, generally without asym- 
metry, and paroxysmal high voltage slow 
waves: 3 c/s, which show themselves 
within the stage of a decreased threshold 
for convulsion, is found. 





Al-Ph, and Citric Acid in 


On admission physical ex- 
amination revealed; 7.69 Kg in 
weight, bad nourished, marked 
rosary, craniotabes, widely open- 
ed fontanel, enlarged distal end 

bone, lordosis in spine and 
bow legs. Roentogenograms of 
skeleton revealed severe rachitic 
changes. 

Variation of chemical find- 
ings of the patient in serum 
calcium, ionized calcium, phos- 
phorus, alkaline phosphatase, and 
citric acid was as shown in Fig. 
160. On admission, serum cal- 
cium: 7.95 mg/dl, ionized cal- 
cium 2.95 mg/dl. They proved 
to be very lowlevel. Phosphorus ; 
4.32 mg/dl, alkaline phosphatase : 
29.13 B.U. markedly high value, 
magnesium 1.5 mg/dl, slight low- 
ered. Electrical threshold was 
slightly decreased contrary to our 
expectation. E.E.G. findings of 
this dystrophic severe rachitic 
infant were as shown in Fig. 161. 

Though the E.E.G. before 
vitamin D, treatment revealed 
dysrhythmic high voltage slow 
waves of 1.5-2c/s in all leads, 
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the electroencephalographic pattern in improving stage of rickets, showed 
regular slow waves of 4-5c/s in basic pattern without asymmetry, as re- 
cognized in previous E.E.G. 

It’s findings after vitamin Deg treatment proved to be improved. 


Discussion 


It is a possible explanation that the hypocalcemia in rickets could be averted 
by increasing the activity of the parathyroid glands which maintain serum calci- 
um above the tetany level. It is assumed that when the parathyroids fail to 
respond to stimulus of low serum calcium and fail to increase their activity in 
sufficient extent to the normal state of calcium level or they fall into dysfunction, 
and when insidious parathyroid insufficiency is accidentally accompanied with 
rickets and the definite deficit of calcium resorption is presented, the serum 
calcium falls below the critical level and hypocalcemic tetany will result. 

Tetany without epileptic convulsion in case | may be associated with the 
respiratory infection, as a causative factor, already afflicted with high grade 
hypocalcemia due to severe rickets without vitamin D, intake before the onset 
of the illness. 

Flensborg et al. (1953) reported on the occurrence of 62 cases who were 
suffered from tetany out of 615 patients with infantile rickets. 

The report by Lubenstein (1949) described that the neonatal tetany in 
twins was coincident with maternal toxemia. 

A study of Kebrer’s original report (1913)® on tetany in the newborn 
showed that the maternal toxemia during pregnancy merited consideration as 
a possible etiologic factor. 

Paffrath et al.) report an increased mineralization in the premature infant 
on a high calcium diet even without an addition of vitamin Dy. It appears that 
the premature infant can absorb and retain a large amount of dietary calcium. 
A history of low milk intake and presumably low calcium content was recorded 
in our cases 2 and 3. It is considered that rickets in cases 2 and 3 was induced 
by these conditions and associated with insufficiency of the regulation of calcium, 
especially considerable insufficiency in parathyroid. An E.E.G. showed coinci- 
dent features of slow waves, sporadic high voltage slow waves, and cerebral 
dysrhythmia with occasionally spiking in all 3 cases. 

Gotta et al.) reported that the most striking abnormality in the E.E.G. of 
parathyroid insufficiency occurred with high voltage slow waves (2-5 c/sec). 

It is widely known that thyreoidectomy is followed by typical attacks of 
epilepsy alternating with tetany, and probably there is a disturbance in the 
physicochemical structure of brain cells which is not localized in a certain cerebral 
foci but extends throughout the cortex, as shown in the E.E.G. of case 1. 

The E.E.G. also showed the essential difference between the mechanism 
of an epileptic seizure and that which produced an attack of tetany. In the 
former there is a disturbance in the electrical activity of the cortical brain cells : 
in the latter the E.E.G. shows potential difference originating in the muscles 
superimposed on the record of cerebral activity. 








326 J. Nihei 


Hansted et al. (1953)*) reported that in two siblings with idiopathic hypo- 
parathyroidism the E.E.G. showed wide spread slow activity, which disappeared 
after the serum calcium level had returned to normal values. One of them 
suffered from rickets. 

By Klotz et al. (1955) also described that electroencephalographic changes 
in 2 cases of rachitic tetany showed predominant slow waves with sporadic 
spikies during hypocalcemia and could be suppressed by treatment with vitamin 
D and calcium chloride. 

The electroencephalograms of Case 1 who showed predominant slow waves 
and dysrhythmia with sporadic spiky wave during the tetanic manifestation which 
gradually were reduced to the previous abnormal waves in accordance with 
the clinical signs and laboratory findings. It was recognized that the slight 
abnormalities was found even in the latent stage of tetany. The E.E.G. taken 
before and after the provocation test of tetany in infantile rickets were as shown 
in Fig. 159. 
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Fig. 162. The differences of the E.E.G. findings between 6 cases of 
normal infants and 20 cases of rachitic infants. In normal infants the E.E.G. 
show 25°, of S, waves, 43°, of S, waves, 23°, of S,; waves, and 6% of normal 
waves. In amplitude low voltage waves are shown in large amount. 

The characteristic features in the E.E.G. of rachitic infants are 56%, 
of S, waves, 4°;, of S, waves and more frequent appearances of high voltage 


waves than in the E.E.G. of normal infants. 
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Before the provocation test of tetany!) the E.E.G. showed generally a 
regular slow wave of 6-8 c/sec in rachitic infant. After the provocation test 
an atypical spike and wave complex appeared, which were localized in right 
frontotemporal area, with 5-6 c/sec, slow waves in the basic pattern. 

Abnormal activity of epileptic seizure by provocation appeared in E.E.G. 
In severe rickets a dysrhythmic slow wave burst, 1.5—2 c/sec and the difference 
of both side were found before treatment with vitamin D,. (Fig. 161). After the 
treatment the E.E.G. showed a basic pattern 4—5 c/sec, which improved dis- 
tinctly, no difference of both sides, and paroxysmal slow wave complex of 3 c, 
sec appeared, which were referred to in the stage of a decreased threshold for 
convulsion. 

The differences of the E.E.G. findings between normal infants and rachitic 
infants in our clinic, are presented in Fig. 162. The characteristic features in 
the E.E.G. of rachitic infants were the increase of S, waves, the decrease of 
S, waves, and more frequent appearances of high voltage waves than in the 
E.E.G. of normal infants. 

In our cases of rickets tetanic fits may be induced probably by idiopathic 
or secondary parathyroid insufficiency. It may be considered that such electro- 
encephalographic changes are one of the important factor in determining whether 
rickets may be complicated by latent tetany or not. 


SUMMARY 


The present reports describe three cases of rickets associated with tetany. 
Especially, E.E.G. findings showed the appearance of epileptic seizure sporadic 
slow wave in series, paroxysmal dysrhythmia and sharp wave complexs oc- 
casionally in normal value. In Case 1, a dystrophic severe rickets was compli- 
cated by tetanic manifestation which was induced by high grade hypocalcemia. 
The hypocalcemia may be increased by mild respiratory infection and may 
fall in dysfunction by parathyroid insufficiency. An E.E.G. in Case | revealed 
the features of slow activity which improved distinctly after treatment with 
vitamin D, and Ca. 

In Cases 2 and 3 or the premature infant whose history of low milk intake 
were recorded, tetany may be considered to depend upon hypocalcemia resulting 
from a previous condition rather than from rickets itself as causative factor : 
it may be idiopathic hypoparathyroidism. 

In Case 3 the first administration of vitamin D, may be considered to de- 
crease electrical threshold for convulsion. 

In case 4, severe rickets, a marked change in E.E.G. by tetanic provoca- 
tion was disclosed. This case was associated with latent tetany, and after the 


provocation test abnormal waves in E.E.G. were elicited. 
The E.E.G. of the case 5, dystrophic severe rickets, showed abnormal 
waves in it’s E.E.G., disappearing after vitamin D, treatment. 
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Antibody Production Versus New-born Pneumonia’) 


(Type Sendai, HVJ.) Virus*~’ 
I. Antibody Production in Normal, Dystrophic and Rachitic 


Children and Normal and Rachitic Rabbits Versus 
Vaccine of Fushimi Strain of the Virus 


INTRODUCTION 


The new-born virus pneumonia (Type Sendai) was first medically observed 
when it broke out in epidemic in the Obstetrics—Gynecology Clinic of Tohoku 
University Hospital in 1952. A new type of virus was isolated from the lungs 
of the autopsied children and also clinically established as a hitherto unreported 
type of pneumonia at the time, by a joint study by the Obstetrics Gynecology 
Clinic, the Bacteriological Laboratory, the Pathological Laboratory and this 
Clinic resulting in its being ascertained as a separate disease and being named 
the new-born pneumonia (Type Sendai), as has been previously reported. 
Prof. Sano and Dr. Niitsu of this Clinic reported and exhibited data at the 7th 
International Pediatric Congress at Havana in October 1953. 

It is well known that dystrophic children are generally in a dysergied con- 
dition and are thus lacking in resistance against various diseases,®) while rachitic 
children are liable to infection of diseases in the upper respiratory tract, bron- 
chitis, pneumonia and diarrhetic diseases and, if infected, are severely afflicted, 
are hard to cure and show a high rate of mortality. 

The author of this paper prepared a vaccine from the new-born pneumonia 
(Type Sendai) virus, Fushimi Strain, and measured the values of antibody 
production in normal, dystrophic and rachitic children against this vaccine by 
red-cell agglutination inhibition®“™ test, and also the antibody values in normal 
and rachitic rabbits. I shall now report the results of my comparative study 
of the measurements. 


Experimental Methods 


The technique used in the preparation of the vaccine was similar to that 
used by Prof. Kuroya et a/.2) in purifying such preparations with ultracentrifuge 
(S Pinco Model L). For starting material, virus of Fushimi strain was culti- 
vated successively for 12 generations in mice, for one in man, then 3 again in 
mice and 6 in eggs, and finally cultivated in 257 ml (2560 HAU/cc) of allantoic 
fluid of the chicken egg. The last centrifuged supernatant was diluted to 500 
HAU, to which was added 0.05% of formalin and 0.01% of merzonin. For 
use with rabbits, the last centrifuge supernatant was diluted to 5.000 HAU 
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and only merzonin was added to it. The doses of the vaccine was 0.1 cc for 
primary immunization and 0.2 cc for additional immunization for human 
subjects injected intracutaneously and in rabbits | cc was used in intra-abdominal 
or intramuscular injection. 

The physiological saline used was freshly prepared for use everytime. Its 
pH value was kept at around 7.2 throughout. 

Red blood cell of chicken was used for preparing blood cell suspension. 
Water washing was repeated three times and the last washing was always under 
a regulated rotation of 3.000 per minute for 15 minutes. The suspension was 
used at a density of 0.25%. 

The tested serum was collected from blood taken at the time of hunger 
early in the morning or before lunch and manipulated as aseptically as possible. 
The serum was preserved in an ice-box at 0—5°C, 

The method of testing the hemoagglutination inhibition as prescribed in 
the Instruction on Hygienic Tests published by the Japanese Welfare Ministry 
was followed in measuring the antibody values. The five samples of the tested 
serum taken just before the immunization, and in the Ist, the 2nd, the 3rd and 
the 4th weeks after it were tested under the same conditions at the same time 
and the latter samples were tested together with those used the last time. 

For standard diagnosing suspension, always that of concentration of 3 


HAU was used. 


Experimental Results 


I. Antibody Production Following First Immunization 

1. In normal children 

The antibody values as shown in Tab. 219, were on an average 255 before 
the immunization, rose to 2617 in the Ist week, to 2%? in the 2nd and to the 
maximum of 295 in the 3rd week after the immunization but slowly dropped 
to 289 in the 4th week. 


Tas_e 219. Antibody Values in Normal Children 


(*0” means the values below 2?) 








| Immunization Antibody values 
No. Name, Sex Age — - sr (cinerea (ca ——— 

5/III, 1954 Ow lw 2w | 3w 4w 

1) HS. 6 5— 9 | _ > |e | @ 29 2s 
2! HI 9 | 5~6 (Olcc Virus} 6 96 | | 99 97 
3 KK 2 a (Sendai Type) 0 96 | 910 | 98 97 
cite. @ 1s-S erie | Ot le 29 
tie & |e = 21 q | 98 | 210 28 
613.A. 5 9— | tracutaneously a7 | of | 98 | Qt 99 
Mean (2) 5.5 6.17 | 92 | 95 | 80 


2. In slightly dystrophic children 
1) In slightly dystrophic children the antibody values as shown in Tab. 
220, stood at 242 on an average, at 26! in the Ist, at 28!2 in the 2nd, at 2725 in 
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the 3rd and 25-44 in the 4th weeks after the immunization, showing the maximum 
in 2nd—3rd weeks and dropping gradually from the 3rd week. 


Tasie 220. Antibody Values in Light Dystrophic Children 


(““0”’ means the values below 25) 








| Immunization | Antibody values 
No. Name, Sex Age 
22/1, 1954 Ow lw 2w 3w 4w 
| S. U. 2 2— 4 0 26 27 9 
ra M.A. 5 I—11 0 26 28 27 26 
3 M. I. co} 1—10 7: 0 27 28 27 0 
‘| Be ¢ | t—9 |S 2h"! 26 27 28 26 
‘' ite 8 p— 9 | Gente Tyr)| 6 27 2s 2s 26 
6 ls. 8 | g | Suspension in- 96 96 98 7 26 
Se : jected in- tn ; F 26 
7 S. K. 9. aa tr ioe 0 26 28 28 2 
8 L.M. 9 | 3 _| tracutaneously 0 97 0 
$ I— 3 0 26 28 26 
10 yee 2 I— | 0 0 28 0 
Mean (2) 4.2 6.1 8.12 7.20 5.44 


2) In severely dystrophic children 

The average antibody values, as shown in Tab. 221, were 247 before the 
immunization, 255 in the Ist week, 25-44 in the 2nd, 243 in the 3rd and 244 in 
the 4th week, showing a general trend of extremely lowered antibody production. 


TaBLE 221. Antibody Values in Severe Dystrophic Children 
(“*0”? means the values below 25) 





| Immunization An.tibody values 
No. Name, Sex Age 
29/1, 1954 Ow lw 2w 3.w t w 
l T. A. $ 2— 0 0 26 26 0 
2 L-~ . & 1—10 26 0 28 26 
3 Iw We I— 9 r: 26 26 0 0 0 
4/ KG § 1-7 |Obec Virus 5, Qi 0 26 26 
5 .. #46 1— 6 | Sendai Type)| 9 0 0 0 0 
6 M°T. s i— 5 ~——— in- 0 0 0 
7| &s 48 fon St | 26 2s 0 0 
8 H.N. g I— 5 aii 0 26 27 0 
9 K. H. Q I— 4 0 26 0 0 0 
10 A.C, 2 I— 2 0 26 26 0 0 
Mean (2") 4.7 5.5 5.44 | 43 1.44 


3. In rachitic children 

1) In slightly dystrophic slightly rachitic children 

The average antibody values, as shown in Tab. 222, registered 2575 before 
and 2675 in the Ist, 285 in the 2nd, 28° in the 3rd and 25:76 in the 4th week after 
the inoculation, reaching the maximum in the 2nd week and slowly dropping 
from the 3rd or the 4th week. 
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TasLe 222. Antibody Values in Light Dystrophic, Light Rachitic 
Children (‘‘0” means the values below 25) 





Immunization Antibody ualues 


No. Name, Sex Age ———— 
16/II, 1954 Ow Iw | 2w 3.w 4w 

1 J. T. $ 2— 6 O.1cc Virus 0 0 2 2 | QT 

2 £8 2 2— 0 (Sendai Type) 0 99 98 27 | 2 

; suspension in- uit i 

3 oS 8. 2 1—11 jected in- 2? 28 - | 2 iF 

4 M.S 3 1— Q | tracutaneously 26 26 9 | #98 | @Q 
Mean (2”) 5.25 6.75 8.25 8.0 | 5.76 


2) In slightly dystrophic but severely rachitic children 

Their antibody values, as shown in Tab. 223, were 2457 on an average before 
the inoculation, rose to 267! in the Ist, 274% in the 2nd, 267! in the 3rd and 2460 
in the 4th weeks after it. 


Tas_e 223. Antibody Values in Light Dystrophic, Severe Rachitic 


(sé 


Children (‘‘0”’ means the values below 25) 





| Immunization Antibody values 
No Name, Sex Age 
27/XII, 1954 Ow lw 2w | 3w 4w 
] M.M. 2 3— 2 0 28 28 26 27 
y 4 K.M. 6 2—10 | O.lcc ‘Virus 28 27 28 7 0 
3 H. S. 2 2—_ 7 (Sendai Type) 0 2? 27 7 
4 i 2 oa 2 2— 3. suspension in- 0 2 28 28 0 
5 S. G. r.) I1— 6 jection in- 0 26 27 27 0 
6 i 3 I1— 1 tracutaneously 0 0 97 928 | ® 
7 pi ei | 2 1— 0 0 28 27 0 0 
ae | 
Mean (2) 4.57 | 671 | 743 | 6.71 | 4.60 


3) In severely dystrophic but slightly rachitic children 
Their antibody values, as shown in Tab. 224, averaged 2486 before the in- 
oculation, but showed no appreciable rise even after it, standing at 24.8 in the 
Ist, 2525 in the 2nd, 246 in the 3rd and 2*°7 in the 4th week. 
TasLe 224. Antibody Values in Severe Dystrophic, Light Rachitic 
Children (“‘0”’ means the values below 25) 





Immunization Antibody values 
No. Name, Sex Age EGS meena (oars mamma ae 

29/1, 1954 Ow lw 2w 3w | 4w 
| N.M. 6 2— 1 26 0 0 0 0 
Z i. a r ] 1 O.lcc Virus 0 0 0 0 0 
3 M. I. . O0—10 (Sendai Type) 0 0 0 0 
4 EA. @ O0— 9 | suspension in- 26 26 BF py 26 
5 LO. Q O— 8 jected in- 26 26 27 | 26 26 
6 K.K. 6 O— 4 _ tracutaneously 0 0 0 
7 K.M. 6 0 0 
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4) In children with cured rickets 

5 rachitic children were taken into this clinic, given better nutrition, kept 
in sunny rooms and administered VD, and citric acid, either singly or in combi- 
nation. By the above treatment, cases No. 1, 3, 4and 5 showed marked tendency 
to recover and the rachitic manifestation of the bones in case No. 2 became nega- 
tive. Their antibody values, as shown in Tab. 225, stood at 26-27 before the im- 
munization and rose to 28-2" in the Ist, and to 2!!! in the 2nd week following 
it, dropping to 28-9 in the 3rd and 28-7 in the 4th week on an average, and showing 
values as high as those in normal children throughout. 


TaBLE 225. Antibody Values in Treated Rachitic Children 





Immuni- : ; 
enilen Antibody values 
No.| Name, Sex| Age | Symptoms Treatment ; 
| | 20/XII, 1953|0w | 1w 2w 3w/4w 
. edie V. D, 1,200,000 x 6 Pare ee Se 
1 HF. ¢ ) 132 7 op Citricacid 40cc -9w | 2 2 20) 2 | 2 
ae & | 
2| EK. 9 | 48 beg > 4IXT yp, 1,200,000x8 8 | 27 | 27 | 21 | 20 | 28 
} a & Be | 
| | om oa 
| 9/IX —» 25/1 | Citric acid 20 cc .-F | 96 | 97 | 9101 99 | 97 
Sy ST 6 20 |  [20days Ee bat oat at eed 
~~ & 
‘ r ae r S | 
4|Y¥A. @/] 1 ic mies V. D, 600,000 x 1 gz | 27 | 28 | aH/ 28 | 27 
| | ‘ _ ss | 
5 | oe ~ eo | V. Dy 1,200,000 x 2 | 96 | quo} gu | 99 | 97 


To 3 1-5 | | 
II. Antibody Production Following Additional Immunization 

Their antibody values rose to the maximum in the Ist week after the addi- 
tional immunization in all cases, i.e., 25 in No. 1, 28 in No. 2 and 27 in the other 
3 cases. In No. | it gradually decreased but in the other 4 cases, it dropped 
to below 25, showing values lower than those after primary immunization. 
III. Antibodys Production Versus Vaccine and Vaccine with Added VD 

Preparations in Rabbits 

1. Antibody values in rabbits following vaccination 

Of 4 rabbits, No. 1-3 were incoulated with | cc of 5.000 HAU Vaccine 
and No. 4 with | cc of virus suspension of 5.000 HAU, all intra-abdominally. 
In Nos. 1 and 2, both dystrophic severely rachitic rabbits, the values stood 
at 26 before the inoculation, rose to 28 in the Ist and 2! in the 2nd, then fell 
to 28-29 in the 3rd and to 28 in the 4th week. No. 3 was severely rachitic but 
not dystrophic, and showed marked spontaneous alleviation of rickets in its 
roentgenogram of bones on the 8th day after the immunization. Its roent- 
genogram of bones on the 8th day after the immunization. Its antibody value 
stood at 27 before the immunization, 28 in the Ist week after it, 2!2 in the 2nd, 
210 in the 3rd and 29 in the 4th week. No. 4, a dystrophic, slightly rachitic 
rabbits, also showed marked improvement on the 8th day. Its antibody value 


334 M. Kaneda 


also changed from 2¢ before the immunization to 29, 2!2, 2, and 26 in the Ist, 
the 2nd, the 3rd and the 4th week respectively, showing the same trend as in 
No. 3. Thus, the antibody production was higher in rabbits spontaneously 
cured of rickets than in normal rabbits. 

2. Antibody values in adult normal rabbits 

Following inoculation with vaccine and drugs, 8 rabbits were divided into 
4 groups Nos. | and 2 were each injected intramuscularly with 2.5 cc. of chocola 
D (A preparation of VD. dissolved in sesame oil) and shaken for 5 minutes 
(Group A). In Nos. 3 and 4, | cc each of vaccine and 2.5 cc each of chocola 
were injected separately (Group B). In Nos. 5 and 6 only | cc each of vaccine 
was inoculated (Control Group), while to No. 7 and No. 8, a mixture of 1 cc 
of vaccine, 0.5 cc each of chocola D and Tween (80) was given in intramuscular 
inoculation (Group D). No. 1-6 were well fed rabbits of the same kind and 
No. 7-8 of mixed bread. Their antibody values were 27 before immunization, 
27-210 in the Ist, 212-2!4 in the 2nd, 21!9-2!2 in the 3rd and 27-29 in the 4th 
week. They were nearly the same in No. |-4 and in the Control Group, were 
somewhat lower, but not in a significant degree. In Group D, the antibody 
values were somewhat lower (26-27 before the immunization, 27—88 in the Ist, 
210211 in the 2nd, 28-29 in the 3rd and 26-27 in the 4th week), perhaps due to 
the lower nutrition. Thus, the author failed to obtain the expected results in 
the form of increased and prolonged efficacy of vaccine by addition of VD. 
preparation to it. 


SUMMARY AND Discussion 


It has been established since the first report on the subject by Hirst® in 
1941 that the degree of inhibition of chicken red cell agglutination (abbreviated 
C.C.A. hereunder) by the blood antibodies against influenza virus (referred 
to as I. V. hereunder) may be used in quantitative determination of antibodies, 
and it is well known that all the past studies on I. V. vaccines have used this 
method as!2-!8) the experimentally most important. 

As the newborn pneumonia (Type Sendai) virus is a new virus of I. V. 
family, the author knows that it is dangerous to make inferences on it from 
past experimental resulfs obtained with other I. V., but considering that the 
blood C.C.A. is closely related with the defense mechanism against infection 
in the case of Type Sendai I.V. as well, he has measured the blood C.C.A. 
inhibition antibody values using formalin and mazonin, instead of immuni- 
zation antibodies. 

Following intracutaneous inoculation of | cc each of 500 HAU vaccine, 
the antibody values in normal, dystrophic and dystrophic rachitic children rose 
from 25-27 before the inoculation to 2!!—2" in the 2nd or 3rd week following 
it and fell gradually from the 3rd or 4th week, to approach the values before 
the immunization. The values were lower in dystrophic or rachitic children 
than in normal children, and fell still lower in dystrophic-rachitic children. In 
slightly dystrophic children, the values were far higher than in severely dystro- 
phic children, and in slightly dystrophic and slightly rachitic children a little 
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higher than in slightly dystrophic and severely rachitic children. The antibody 
values of severely dystrophic but slightly rachitic children were lower than in 
the other cases from the outset and scarcely any rise of the values was observed 
following the inoculation. This suggests that severe dystrophy is an efficient 
factor in depressing antibody production. 
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Fig. 163. Antibody walues in normal, Fig. 164. Antibody values following 
dystrophic and dystrophic-rachitic children. additional immunization in normal, rachitic 
A Severe rickets with light dystrophy. and dystrophic children. 
& Light dystrophy. OQ Normal. 
& Light rickets with light dystrophy. [] Rickets. 
4 Light rickets with severe dystrophy. A Severe rickets with light dystrophy. 
4 Severe dystrophy. © Normal. 4 Severe dystrophy. 


The antibody values after additional immunization proved lower than 
those obtained after the primary immunization, as shown in Fig. 164, but here 
the dystrophic and dystrophic-rachitic children showed a perceptible rise of 
antibody values from the Ist week, though the values remained always lower 
than those of normal children. The antibody production was found to be 
lower in the former following primary immunization, but when additional 
immunization was given, the antibody values in the dystrophic children rose 
to a level not lower than in normal children. The author cannot decide whether 
the lower antibody values obtained after the additional immunization as com- 
pared to those after the primary immunization in his experiments was due 
to the small doses of inoculation or the values obtained were the limit values. 
This point seems to require further investigation. 

As to the relation between ;-globulins and the antibodies,®)!9-*) many 
researchers opine that the increase in ;-globulins in the serum is related with 
an increase in immunization antibodies. Fusegawa**) of this clinic has followed 
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up the change of y-globulins following inoculation of Type Sendai virus and found 
that in normal children they increased in the Ist week after the inoculation, 
reached the maximum in the 2nd week and slightly dropped thereafter till the 
4th week, but showed a value 0.3 gr/dl higher than that before the immunization 
even then, while in 4 cases of 5 severely dystrophic children, the ;-globulin 
values showed little rise after immunization, dropping abruptly in the 3rd week. 

Though the liver is not the organ for antibody production, it is generally 
agreed that it plays an important part in it.2®) Koseki of this clinic has 
shown that the function of the liver is somewhat affected in rachitic and es- 
pecially in dystrophic-rachitic children. 

Such results obtained by Fusegawa and Koseki are of interest when collated 
with the authors experimental results showing that the antibody production 
is lower in dystrophic or rachitic, and especially in dystrophic-rachitic children 
than in normal children. 

Further experiments with rabbits showed that, upon inoculation of vaccine 
of Type Sendai I. V., the antibody production was found lowered in dystrophic 
and rachitic rabbits than in spontaneously cured rabbits. 

Henle?7-*) and Friedwald*® have reported on fortifying the efficacy of 
influenza vaccine, but I have failed in obtaining the expected results in fortifying 
vaccine of Type Sendai virus by addition of VD®) and Tween 80. 


CONCLUSION 


A vaccine of new-born pneumonia (Type Sendai) virus, Fushimi Strain, 
was prepared by purifying and condensing the intra-allantoic cultivation liquid 
of it in fertilized egg by ultracentrifuging and inactivating it by addition of 
formol and merzonin. 0.1 cc of this vaccine containing 500 Hemagglutination 
Units was intracutaneously injected to normal, dystrophic and rachitic children 
to give a primary immunization, and their abilities to produce antibodies were 
studied in comparison. 

The dystrophic and rachitic children, especially the rachitic dystrophic 
children, were found to have a reduced antibody producing capacity in com- 
parison with the normal children. In particular, the slightly rachitic but 
severely dystrophic children showed almost no increase in antibodies, showing 
that severe disturbance in nutrition is a powerful factor in depressing the antibody 
production. 

The antibody titers in children who had been cured of rickets by adminis- 
tration of VD, or citric acid or both in combination proved to be nearly on the 
same level as in normal children. 

By additional immunization the dystrophic and the rachitic dystrophic 
children also began to show rather high antibody titers from the Ist week, though 
it was lower than that shown by normal children. 

The antibody titers of rabbits made experimentally rachitic after immuni- 
zation with the vaccine were similar to those of rachitic children. 

The experiments for fortifying and prolonging the efficacy of the vaccine 
by addition of VD. (chocola D) failed in bringing about the expected results. 
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II. Antibody Production in Some Animals and Normal and 
Rachitic Rabbits Versus the Virus 


INTRODUCTION 


The author has measured the antibody production in normal mice, rats, 
guinea-pigs and rabbits by means of red cell agglutination inhibition tests using 
allantoic culture fluid of new-born pneumonia (Type Sendai) virus, compared 
the antibody production in rachitic rabbits with that of normally fed and dys- 
trophic rachitic rabbits, examined how the antibody production in rachitic 
rabbits is affected by administration of VD, and citric acid, and tried to examine 
the change of lymphocyte and plasmacyte counts after immunization, the 
function of liver and the relation between the protein functions, especially ;- 
globulins, and the antibody value. ‘The findings of the experiment are given 
in the present paper. 


Experimental Materials 


Fifteen mice of pure breed (DD type), about 17g each in body-weight, 
1 rat of mixed breed, 280g in body weight, 2 guinea pigs of mixed breed: 
weighing 330g and 380g respectively, 20 young rabbits from the same or 
nearly related parents and 10 adult rabbits of mixed breed were used. 
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The young rabbits were about | month old and from 400 to 600g each 
in body weight. ‘These were divided into a group fed with rachitogenic food 
and another group fed with control food. 

The rabbits in the first group were daily given 100g of boiled bean-cake 
refuse, 5g of carrot and 0.3g beer yeast to which 2-3 g of calcium lactate 
was added, so that the ratio of Ca to P in the feed was raised to 4:1, per capita. 
They were subcutaneously injected with 40-50 mg of vitamin C every second 
day and kept in a dark room. 

The rabbits in the control group were daily fed with 100g of unboiled 
bean-cake reduse, 5g of carrot, 0.3 g of beer yeast and sufficient amount of 
grass and vegetables, injected with 40-50 mg of vitamin C every other day and 
also given 1.000 units per kg body weight of vitamin D, (chocola D) per os and 
kept in a room with abundant sunlight. 

The rachitogenic fed rabbits showed rickets of the degree +, + or higher 
in the 2nd week in their roentgenograms of the epiphyses of their fore-limbs, 
and in the 4th week were all suffering from rickets of the degree + or severer, 
as demonstrated histologically. 


Experimental Method 


The same method as in the Section I was employed again, the description 
of which is omitted here. 


Experimental Results 


I. Antibody Production in Same Normal Animals 

1. Antibody values in mice 

15 mice were divided into three groups of 5 heads each. The Group No. 
1 was intra-abdominally injected with 0.5 cc of virus suspension and No. 3 
with 0.5 cc of virus suspension after 3 doses of 5.000 units per kg bodyweight 
each of VD, (chocola D) injected intraabdominally in one week. In the 2nd 
week after the immunization, the blood taken from the 5 mice in each group 
was collected in one tube and the antibody values measured. The values per 
group were, as shown in Tab. 226, below 2° in the Group No. 1, 2!? in the Group 
No. 2 and 2!3 in the Group No. 3, showing that the primary immunization with 
0.5cc each of virus suspension inoculated intraabdominally would result in 
the antibody production being raised to 2!2—-2'8 in 2 weeks. 

2. Antibody value in white mice 

2 cc of virus suspension was given intra-abdominally. The antibody value 
rose from under 2° before immunization to 2! in the 2nd week, showing a high 
antibody production here too. 

3. Antibody value in guinea-pigs 

2 cc of virus suspension was introduced into the abdomen per capita. As 
shown in Tab. 228, the antibody values stood at 2? before immunization, at 2% 
in the Ist week and at 2!6 in the 2nd week in No. 1, and at 27 before immuni- 
zation, at 29 in the Ist and also 29 in the 2nd week in No. 2 after the immuni- 
zation. 
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4. Antibody values in adult rabbits 

2 adult rabbits of 2.650 g and 2.800g each in bodyweight were used. 
The rabbit No. 1 was inoculated intra-abdominally with 5 cc, 2.5 cc and 2.5 cc 
of virus suspension every second day in a week, totaling 10 cc, and No. 2 with 
a single dosis of 5cc. Their antibody values, as shown in Tab. 229, measured 
below 25 before the immunization, 21! in the Ist, 2!6 in the 2nd and 2!6 in the 
3rd week. 

5. Quantity of injected virus and antibody values in adult rabbits 

4 rabbits of 1.810-2.050 g were used for the test. No. 1 was given 2 cc, 
No. 2, 1 cc, No. 3, 0.5.cc and No. 4, 0.25 cc of virus suspension all diluted to 
5cc with physiological saline, intraabdominally. The maximal antibody 
values of 216 was reached in the 3rd week in No. | those of 2 in the 2nd week 


TABLE 226. Quantity of Inoculated Virus and Antibody Value in Adult Rabbits 





| Body | Immunization Antibody values 
No. | weight | Sex 


(g) | 3/VIII, 1954 Ow lw 2w 3.w 4w 


2cc of virus sus- 
1 1870 6 | pension injected 29 2'2 2'4 216 2s 


intra-abdominally 


lcc of virus sus- 
2 2050 | 8 | pension injected ag | _ ” bi 244 i 
intra-abdominally 


| 0.5 cc of virus sus- 
3 1950 | 9 | pension injected 2 210 2 2'2 210 
| intra-abdominally 


0.25cc of virus sus- 


+ 1810 | 9 | pension injected 28 28 212 2i: 210 
intra-abdominally 


TABLE 227. Position of Injection and Antibody Values in Adult Rabbits 





| Body | Immunization Antibody values 
No.| weight | Sex 
(g) | 3/VIII, 1954 Iw lw 2w 3w 4w 
2cc of virus sus- Died of 
1 2110 | 2 | pension injected 29 212 24 alias 
| intravenously er 


2cc of virus sus- 


e| moo) | pi, Saag ge ge | 
in 10 places : 
| 2cc of virus sus- 
3 | 2200 | 6 | pension injected 0 210 218 212 Qu 


| subcutaneously 


2cc of virus sus- 
4 | 2100 | 8 | pension injected 29 23 215 215 Qu 
intramuscularly 
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in No. 2 and those of 2! in the 2nd week in both the rabbits No. 3 and No. 4. 
From the above, it is deduced that the highest antibody value in rabbits ob- 
tained by intra-abdominal inoculation of Type Sendai pneumonia virus is 
around 2", 

6. Position of inoculation and antibody value in adult rabbits 

4 adult rabbits of 2.100-2.200g in bodyweight were injected with 2 cc 
of Type Sendai pneumonia virus, No. | intravenously, No. 2 intracutaneously 
at 10 places, No. 3 subcutaneously and No. 4 intramuscularly. Their antibody 
values, as shown in Tab. 227, rose in the 2nd week to 2 in No. 1 and No. 2 to 
213 in No. 3 and to 2 in No. 4. The case number is too small to draw any 
conclusion, but the author may point out that the difference between slightly 
lower value obtained by subcutaneous inoculation and that by other methods 
seems to be not large enough to be of significance. 
II. Antibody Production Following Primary Immunization 

1. Antibody production in normal young rabbits 

4 young rabbits of 810—1,080 gr in bodyweight were intra-abdominally 
inoculated with 3 cc each of virus suspension. Their antibody values, as shown 
in Tab. 228, rose to the maximum 29-2! in the 2nd week, dropping gradually 
from the 3rd week. 


Tasie 228. Antibody Values Following Primary Immunization in Normal Rabbits 





| Immunization Antibody values 
No. | Sex Symptoms: - — - ——_-—_—_—_— —<—$—$$—<$<—— 
| | 26/IV, 1953 Ow lw 2w | Sw |} 4w 
ae | ro 4 ; 
Normal 06 97 a9 97 | Died o 
1 | 8 | ‘rabbits | ” . 2! | diarrhea 
, | Normal | 97 97 98 97 97 
2/6) rabbits | 3cc of virus 2 2 2° 2 “ 
| | suspenison ino- 
ioe ; | culated _intra- 
sie | Normal | abdominally 9s 98 ou p10 | 9 
rabbits | | 
ke ors | 
4 |g} Normal | 6 97 9 29 | 98 


| rabbits | 


2. Antibody value in rachitic rabbits 

6 rabbits nearly related to the normal rabbits above, 730-910 g in body 
weight, were used. The rabbits No. 1, No. 2 and No. 5 were dystrophic and 
severely rachitic (DSR), and No. 4 and No. 6 were normally fed but severely 
rachitic (NSR). Their antibody values following intra-abdominal inoculation 
of 3 cc of the virus suspension were as shown in Tab. 229. In the DSR rabbits, 
the values showed little rise from the level of 26-27 before the immunization, 
while in the NSR rabbits, the values rose slightly from the original 26 to 27—2° 
in the 2nd week after the immunization. 
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TaBLe 229. Antibody Values Following Primary Immunization in 
Rachitic Rabbits 





} ins : 
| Immunization Antibody values 


No. Sex | Symptoms a —— a 


26/IV, 1953 Ow lw 2w 3.w 4w 
Dystrophic | 

1 | Q | severely | 27 27 27 26 26 
rachitic 
Dystrophic 

2 | 9 | severely | 26 27 26 26 2 
rachitic 





—_ an pee, of virus 

Eutrophic | suspension in- : * ' ; 

4 | 9 | severely jected intra- 28 27 28 26 2 
| rachitic abdominally 


| Dystrophic 
3 2 | severely 26 26 27 27 
| rachitic 
| Eutrophic | 
6 | 6 | severely | 26 26 27 27 = 
rachitic 


III. Antibody Production Following Additional Immunization 

1. Antibody value in normal rabbits 

As the rabbit No. 1 used in the test given in II, 1, died in the 4th week 
after the test, the remaining 3 .week further immunized by inoculating 2 cc of 
the virus suspension intra-abdominally in the 5th week. Their antibody values 
rose only to 2! from the original 26 in the 4th through 8th week, decreasing 
gradually thereafter, despite that the rabbit showed good general conditions and 
increase of bodyweight, but in No. 3, it rose to 2'4 from 28 before the additional 
immunization in the Ist week already, showing prosperous antibody production, 
while in No. 3, which had 27 originally, the value rose also to 2" in the Ist week, 
falling slowly but still showing the high value of 2! in the 20th week. 

2. Antibody value in rachitic rabbits 

The rabbits used in the tests described in II, 2, were inoculated intra- 
abdominally with 2 cc of the virus suspension in the 5th week after the primary 
immunization for additional immunization. The rabbits No. 1 and No. 2, 
dystrophic and severely rachitic, died in the 5th week after the additional 
immunization and were autopsied. The result are detailed below. No. 5 
was also DSR and died in the 11th week after the additional immunization on 
account of a broken forelimb. No. 4 and No. 6 were NSR rabbits and began 
to recover spontaneously from rickets in the lst-2nd week and were nearly 
completely cured by the 5th week after the additional immunization. The 
changes in their antibody values are shown in Tab. 230. In No. | and No. 2, 
the values stood at 26 before the immunization but dropped temporarily to 
25 or lower in the Ist week, showing the high value of 2! from the 2nd week 
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Table 230. Antibody Values Following Additional Immunization in Rachitic Rabbits 





Immuni- : 
ar - sosient Antibody value 
Zn| Symptom | Tnter-| 31/V, Women es ns 
. q , vif 1|3w a i te 20w 
|__| val | 1954 Ow|lw)2wi3w 4w 5w 6w|7w)|8w  9w; 1l0w 11 w | N 
Dystrophic 3 
1 | 9 'severely 26/0 | Q0| Qu 90) 2 
rachitic _ 
: » 
Dystrophic _\| as - 
2 9 severely && | 2.8 | 26 | 0 | Q0| 20; gQ0| © 
ery os as ral 
rachitic cel ss 
N | os 
" Se | 32 
Spontane- | 09 5 | a § | 
4 2 ously cured 2 E | aw & | 26 | gia) 213) 213) 213 | 218! g15| 918} 913; 213| QI0, QI | QI 
of rickets | 3.8 | & | | 
its) > > a 
‘ > be i 5 = 
Dystrophic, £4 | = oe 
5 Q severely mE 9.2 | 26 | Qo} Qu} git| git} Qu | gir) gi) gu) Qi) 97 f ne 
rachitic m & | ifrac- 
Pens ture 
Spontane- 
6 8 ously cured 26 | 214) 213 | 913 | 913) 218) 913! 913) 213) 21s! Dil pu 210 


of rickets 


onward. In No. 5, the value rose from 2 to 2!° in the Ist and to 2" in the 2nd 
through the 9th weeks, but decreased to 27 in the 10th week. In No. 4 and No. 
6, the values rose from the original 26 to 2" in the Ist week, then dropped to 
2'3 in the 2nd—9th weeks, to 210-21! in the 10th—12th weeks and to 2" in the 
20th week. Thus, in the rabits No. 4 and No. 6 normally fed and spontaneously 
recovered from rickets, the antibody production took a rising course similar to 
that in normal rabbits, maintaining a high value of 2! in the 20th week after 
the additional immunization. 

IV. Autopsy of Rachitic Rabbits 

The DSR rabbits No. | and No. 2 were immunized with 3 cc of Sendai 
Type pneumonia virus Fushimi strain suspension 98 and 99 days respectively 
after the initiation of rachitogenic feeding and additionally immunized with 
2 cc of the virus suspension 5 week after it. The two died in succession in one 
month after the additional immunization and were subjected to autopsy. 

Macroscopically, both were found dystrophic, with their vertebrates strong- 
ly lordoscoliosed, the epiphyses of the limbs incrassated and forming double 
articles, rosaries plainly observable, the thorax narrowed and in high rachitic 
manifestation. The lungs were strongly blood-short in all their lobes on both 
sides, edematous, rich in blood and showed the appearance of hemorrhagic 
pneumonia, with only the apices of the upper and the inferior lobes containing 
air. The livers were bleeding and swollen, showing irregular yellow-grayish 
maculae on the surface. 

Histologically examined, the bones were rachitically much degenerated, 
the lungs plainly congested and bleeding, several swollen cells being sometimes 
found (perhaps, epithelial cells of the vesicular walls) in the vesicles, polyphagist 
cells being found in places, the intravesicular septa being markedly hyperemic 











Ow 


p10 


210 


Jo. 


dai 
ely 
ith 
ne 


ng- 
ble 
{tic 
oth 
gic 
ing 
ish 


ed, 
nes 
vist 
nic 








Antibody Production Versus New-born Pneumonia 343 


and hemorrhagic, partially incrassated and infiltrated by leucocytes and other 
cells, in short, showing the figure of airless lungs over a wide extent. The 
bronchi were little affected. The total figure was that of a frank hemorrhagic 
alveolar septitis. The liver showed plain thickening and cellular infiltration 
of the Grieson’s capsules and was also notably blood-congested and bleeding. 
Its parenchyma was frankly hyperemic and hemorrhagic, the cellular trabeculae 
being pressed thin and partially necrotic. 

The above observation are in good agreement with what Noda has reported 
on new-born pneumonia (Type Sendai). 

V. Improvement in Antibody Production in Rachitic Rabbits Following VDe 
and Citric Acid Treatment 

1. Changes in antibody value 

Ten young rabbits made highly rachitic by feeding rachitogenic food for 
4—5 weeks and showing plain signs of recovery on the 10th day of VD, and citric 
acid treatment were intra-abdominally inoculated with 3 cc each of the virus 
suspension to examine the changes in antibody production occasioned by treat- 
ment of rickets in rabbits. 

For therapy, 1.0g per kg bodyweight of 10° solution of citric acid or 
10,000 units par bodyweight of chocola D was daily administered per os to rabbits 
for 10 consecutive days, or citric acid and chocola D were used in combination. 
The rabbits showed changes in their antibody values as shown in Tab. 231, show 
ing that the values tend to rise gradually down to the 2nd or the 3rd week after 


Taste 231. Antibody Values in Treated Rachitic Rabbits 





Body | Nutri- Treatment —— Antibody values 
No.!Sex ;weight| | Symptoms tional 16/IX 
(g) | state 6/IX, 1954 1954. Ow|lwi2w 3w 4w 
1'@Q me norm. | Citric acid solu- 28 | 2? | 216 | 2% | 2 
tion given per 
10 days 
2'@Q , 1020 Hit - norm. as si . 2 | 2%) 212; Qu; 2 
V. D, intramus- Fe 
31:9 820 44 — norm. | cularly  inocu- [4 25 210) 213) 915, Qi 
lated once 3 
r LL ‘ a2 98 | 9 9 99 | Exi- 
4° 9 | 890 iD - dyst. | Ditto per os 34 2 | 2 | 20) 2 | tus 
= S 
5\9!| 820) 4 norm. | °" BE | a7 | 20) gu gir} 29 
- ew » © 
ay 
Injection of oes 
6; 2 | 630 tt - norm. | citric acid V.D,| “ge | 27 | 27 | 2) 29 | 26 
in combination 3 
ee 
1-7 . rz 96 | 97 | 210! 98 6 
/i'Q 660 tHt - dyst. Ditto given per y £ 26 | 2 210 2 2 
Ss vo 
8 9} 950; +4 norm. |” Se | 27 | a7 | 21 | 29 | 2 
9 g | 1010 4 a dyst. 2 | 28) 2 | Qe a 
. Non-treated 
10, @. 1180 oe -- norm. 26 | QU} 210° 29 | 28 
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the inoculation. In No. 1, the original value of 2% rose to 29 in the Ist and to 
216 in the 2nd weeks, coming down slightly to 2 in the 3rd and decidedly to 
2! in the 4th week. In No. 3, it changed from the original 28 to 2! (1st week), 
213 (2nd week), 2% (3rd week) and 2!! (4th week). The change in the values 
took similar courses in all the other cases. 

2. Change in the counts of lymphocytes and plasmacytes following im- 
munization 

The number of lymphocytes was lower than the normal value, falling to 
the minimum on the 10th day, rising slightly on the 18th—24th days and falling 
again on the 3lst day after the immunization. The number of plasmacytes 
fluctuated more widely, rising to the maximum on the 4th, dropping suddenly 
on the 10th, decreasing further on the 18th, increasing again on the 24th and 
redecreasing on the 3lst day to approach the normal value. The plasmacytes 
consisted mainly of Marscharko type cells, but a considerable number of Turk’s 
stimulation type cells were also observable. 

3. Results of liver function test 

The livers of the rabbits were tested for their functions 34 weeks after the 
immunization. All the rabbits showed more or less dysfunction in their livers 
as shown in Tab. 232, perhaps due chiefly to the intra-abdominal inoculation of 
the virus suspension, though rickets and dystrophy must be counted naturally 
as causative factors. 


TasLe 232. Liver Function in Treated Rachitic Rabbits 





Body Nutri- Treatment Bromesul-| Thymol | Cobalt 
No. Sex weight | Symptoms tional falein test | tuabidity | Pst i 
(g) state 6/TX, 1954 (mg/dl) | test (units) | 
1 | @ | 1000 |S/VII—21/TX) norm. | Citricacid solu- | 0.65 0.3 R, 
= tion given per 
2\/¢/ 1020; # i, oe 2.4 0.5 R, 


V. D, intramus- 
o | % 820 +} - norm. | cularly inocu- 2.8 0.3 R, 
lated once 


+ 890 + - dyst. 

+ ; ” Ditto per os 

5' 9) 820 + . norm. , °° 4.0 0.5 R, 
Injection of 


6/9 630 +4 - norm. | citric acid V. D, 2.9 0.6 R, 
in combination 


7 92 600 tHE dyst. ' : 1.0 0.3 R, 
é Ditto given per 

8) 2 950 4H _ norm. °° 1.3 0.4 R,(5) 

9 2 1010 # Ht dyst. 4.0 0.5 R.(3) 


Non-treated 


10 | 2 | 1180 oa _ norm. 1.8 0.3 R,(5) 
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4. Figure of serum protein fractions 

The figure of serum protein fractions of 2 rabbits cured of rickets was as 
shown in Tab. 233, 234 and Fig. 165. The rabbit No. 3 was a normally fed out 
rachitic one, given a single intramuscular injection of VD,, whose bromsulfalein 
test value was 2.8 mg/dl and whose antibody value rose to 2!% and 2" from the 
original 28 in the 2nd and 3rd weeks. Its ;-globulin value stood at 1.56 before 
the immunization, but after it, rose to 1.82 in the Ist and 2.00 in the 3rd weeks 
but fell to 0.34 g/dl below that before the immunization. No. 5 was also a 
normally fed but rachitic rabbit, given one dose of VD» per os and whose brom- 
sulfalein test value stood at 4.0 mg/dl, showing highest dysfunction of the liver 
of all rabbits of the group, its antibody production standing below that of No. 
3, showing the value of 27 before the immunization and rising only to 2" at 
the highest in the 2nd and the 3rd weeks. Its ;-globulin value registered 1.38 
before the immunization, but fell gradually after it, to 1.15 in the Ist, to 1.08 
in the 3rd and to 0.77 g/dl in the 4th week. 


Taste 233. Serum Fractions in Treated Rachitic Rabbit No. 3 
Following Immunization 





Total protein | Albumin | a-globulin | 8-globulin | y-globulin} Antibody values 





0 w | sid 5.47 1.87 1.56 0.47 1.56 ~ 
4 34.2 28.5 8.6 28.5 = 
1 w | gidl 8.28 4.83 1.08 0.51 1.82 aes 
bakes hae 58.3 13.0 6.1 22.0 " 
2w g/dl 2! 
3 w | gid | 9.35 4.23 2.00 it 2.00 = 
ale ee 45.2 21.4 11.9 21.4 
tw | gidl 2.18 1.16 0.40 0.27 0.34 - 
we ag 53.2 18.3 12.4 15.6 
TasiLe 234. Serum Fractions in Treated Rachitic Rabbit No. 5 
Following Immunization 
Total protein | Albumin | a-globulin | £-globulin | y-globulin; Antibody values 
0 g/dl 5.68 2.91 0.92 0.46 1.38 - 
i 4 51.2 16.2 8.1 24.3 ” 
lw | gidl 6.34 3.90 0.87 0.41 1.15 ia 
TV ihe Se 61.5 13.7 6.5 18.1 . 
2w g/dl gil 
3 w | gid 6.55 4.05 1.04 0.38 1.08 ae 
pa 61.8 15.9 5.8 16.5 - 
tw | slat | 6.34 4.33 0.68 0.54 0.77 99 
wil a | 68.3 10.7 8.5 12.1 
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a . 
va SUMMARY AND Discussion 


x 


As basic experiments, the antibody 
production in some normal animals and 
the relations between the quantity of the 
inoculated vaccine and the antibody values 
and between the positions of inoculation 
and the latter values following immuniza- 
tion with Type Sendai pneumonia virus 
vaccine were studied. 

The results showed that the antibody 
values in the 2nd week after the immuni- 
zation registered 2!2-2!8 in mice and 2! in 
whie mice, guinea-pigs and rabbits. When 
rabbits were inoculated with 10cc, 5cc, 

- ad ” ” ** 2cc and | cc each of the virus suspension, 

Fig. 165. Antibody values and y- the antibody values rose to 216, 216, 2'6 and 
globulin values following immunization 2! respectively, showing only twice as much 
in rabbits treated for rickets No. 3 and yalue when the quantity of the antigen was 
No. 5. raised ten times. This is in good agree- 
Antiboty vakars. ment with the results reported by McLean!) 
et al., who found that the antibody values 
in pigs were raised only two times even when the antigen was raised ten 
times in quantity. When 2cc each of the virus suspension was given to 4 
adult rabbits intravenously, intracutaneously, subcutaneously and intramuscular- 
ly, their antibody values rose to 2!, 2!, 2!8 and 21 respectively in the 2nd 
week, the subcutaneously inoculated animal showing a slightly lower rate, but 
it would be too rash to draw a conclusion as to the relative efficacy of in- 
jecting methods.?) Rickard and Francis®) have reported that when influenza 
virus is inoculated per narem or intrapulmonarily in mice, the mice usually 
die on account of pneumonia, but when the same is inoculated intra-abdomi- 
nally, even in a large quantity, the lungs are only slightly affected, the virus in 
the lungs reaching the maximum in 48-73 hours and remaining demonstrable 
there for 10 days, but mice usually do not die. The quantity required to 
produce antibodies against the Sendai Type pneumonia virus and the position 
most adapted for the inoculation must be studied further before reaching any 
conclusion. 

Although there have been many studies reported on the preparation of 
rachitogenic foods, we in this clinic (Sano, Wako, Koseki, Kaneda) improved 
the methods by Okamoto,‘*-®) Abe,® Okuyama and Ishimoto® by addition of 
beer yeast, and prepared a new rachitogenic diet for rabbits. With this feed, 
and giving 40-50 mg each of VC, we were successful in causing even in summer- 
time, when rachitogenesis was deemed difficult hitherto, rickets in degrees higher 
than + or + in 2 weeks and severe rickets in all cases in 4 weeks. 

The change of antibody values in experimental rachitic rabbits was similar 
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to that in rachitic children. In particular, the antibody value showed little 
rise by primary immunization in dystrophic rachitic rabbits, only rising notably 
in the Ist week after additional immunization was given. ‘The rabbits spontane- 
ously cured of rickets showed a rise in antibody values as high as in normal 
rabbits. 

When experimental rachitic rabbits are treated with VD, and citric acid, 
they show far higher antibody values than non-treated rabbits, showing gradual 
rise in the 2nd and 3rd weeks in some cases. This tendency of further rising 
in the 2nd and 3rd weeks was observable in almost all treated rabbits. 

An examination of lymphocyte and plasmacyte counts in rabbits treated 
for rickets after the immunization showed that the lymphocytes generally 
numbered less than in normal animals (Sato e/ a/),9) showing little perceptible 
fluctuation throughout, but the author’s tested cases were too small in number 
to arrive at a final conclusion. Recently, we have heard much about the studies 
concerning the lymphocyte theory of antibody production, and Prof. Okinaka!® 
has reported on his study with an emphasis laid on the morphological change 
of lymphocytes. As for the plasmacytes, the change in their count was rather 
marked, in general, exceeding the normal value (Sato ef a/),® rising to the 
maximum in 4 days, dropping abruptly on the 10th day, falling further on the 
18th day, rising again on the 24th day and decreasing again on the 3lst day 
to come near the normal value. There are researchers strongly advocating 
the proposition that plasmacytes also are related with antibody production, and 
the author has an intention to follow up this observation in a sufficiently large 
number of cases. 

Upon examining the hepatic function of 9 rickets-cured rabbits in 34 
weeks after inoculation of the virus, it was found the function was disturbed 
more or less in all the cases, the case with the highest dysfunction showing the 
highest—antibody value of all the nine. 

When the relation of the rise of the antibody values to the rise of 7-globulin 
values was investigated in 2 such rabbits, it was found that the ;7-globulin value 
rose abreast with the rise of antibody value in one of the case where the hepatic 
dysfunction was comparatively slight and the antibody production active, but 
in the other which showed severer hepatic dysfunction and lower antibody 
production, the 7-globulin value was found to diminish gradually after immuni- 
zation from that before immunization. 

Such observations seem to indicate that the function of the liver, the anti- 
body production and the ;-globulin value are closely correlated. 


CONCLUSION 


Normal mice, white rats, guinea-pigs and adult rabbits immunized with 
New-born pneumonia (Type Sendai) virus showed antibody titers of 2!2—216 
in the second or the third week after the immunization. 

The antibody production in a rachitic rabbit, especially when it is dys- 
trophic, is reduced below that of normal rabbit, as with dystrophic and rachitic 
children, no or little rise in the antibody titer being perceptible upon primary 
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immunization, but the titer rose considerably high in one to two weeks after 
additional immunization. 

The rabbits spontaneously or therapeutically cured of rickets acquired a 
capacity of producing antibody similar to that of normal rabbits. 

The antibody production in rachitic rabbits subjected to treatment were 
found to show gradually increasing antibody titer with recovery. 

Upon examining the change in the blood figure following immunization 
of rabbits cured of rickets, especially the change in their lymphocyte and plasma 
cell counts, it was found that the lymphocyte count was below normal but 
without appreciable fluctuation, while the plasma cells showed marked fluctu- 
ation in number, rising more than three times that of the normal in 4 days and 
suddenly dropping to the normal level on the 10th day, showing a slight in- 
crease and decrease thereafter. 

The livers of nine rabbits therapeutically treated for rickets were examined 
3.5 weeks after the immunization for the liver function. 

The relation of the rise of antibody titer and the 7-globulin value was in- 
vestigated with two cured rachitic rabbits. ‘The one with comparatively slight 
dysfunction of the liver showed a rise of the 7-globulin value abreast with the rise 
in antibody titer, but in the other with severe liver dysfunction showing poor 
antibody production, it began to decrease gradually from the first week. Thus, 
it may be presumed that the antibody production, the liver function and the 
y-globulin value are closely related. 
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Experimental Infection of Rachitic White Rats with 
Human Type Tuberculous Bacilli H, Strain 


INTRODUCTION 


It is a widely accepted propostion that rachitic cases are weak in resisting 
external infection and are thus prone to cause such diseases as pneumonia and 
dyspepsia, and my clinical observations reported in Report I has led to the 
same conclusion. Experimental studies on the subject, however, have been 
reported only by Mircoli, Domenico and Kunishige. Such being the case, I 
made the experiments with white rats made experimentally rachitic as materials, 
with a view to elucidating some more details on this proposition. 


Experimental Materials 


i) As experimental animals, 24 pure-bred Wester white rats, about 5 
weeks after birth and around 40 g in body weight, were used, which were divided 
into the 3 groups of eutrophic-rachitic, dystrophic-rachitic and normal control 
animals. 

ii) The tuberculous bacilli used for inoculating the animals were of human 
type H, strain, cultivated for 4 weeks in Sorton’s liquid medium. 

iii) A dilution of old tuberculin was used for testing tuberculosis. 

iv) Takeda’s Hicotid brand of INAH for injection was used for the treat- 
ment. 


Experimental Method 


The animals in the first 2 groups were made severely rachitic by keeping 
them separately in wire-net cages kept dark under cover of a black fabric and 
by feeding them on the diet. 3 weeks after the rachitic feeding was begun, 
the degree of induced rickets was tested by roentgenograms of the hind limbs 
of the rats, and after making sure the absence of tuberculous cases among 
them by tuberculin test, the animals were intraabdominally inoculated with 
10 mg/cc suspension of H, strain tuberculous bacilli. Feeding them on the 
diet continued for another period of 4 weeks in a dark room, then the ex- 
amination with roentgenography and tuberculin test was repeated and the 
groups were subdivided into 2 batches each, one of which only was subjected 
to the treatment consisting in daily injection of 2 mg each of Hicotid. 4 weeks 
later the animals were sacrificed, a part each of their lung, liver, spleen and 
kidney was used to prepare microscopic slides and another part to cultivate 
in 3% Ogawa’s medium. 
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The Microscopic Findings of the Lung 
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Experimental Results 


(1) The gain in body weight was greatest in the control group, followed 
by the eutrophic-rachitic group, being least the dystrophic-rachitic group. 
When INAN was applied, all the three groups showed an increase in body weight 
in a curve lower than the non-treated groups, but in final body weight, the 
animals in the treated groups became heavier than those in the corresponding 
non-treated groups respectively. (Fig. 166, 167) 

(2) Upon examin- 
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Fig. 166. The increase of body weight. (no therapy) neously recovered. 


(3) Before the in- 
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the dystrophic-rachitic group and mildest in the control group. In the cases 
treated with INAH, no nodes were observable and there was no marked dif- 
ference in the intensity of hyperemia in all the groups. (Fig. 167) 

(5) Upon comparing the histological findings of their lungs, it was found 


Fig. 167. The increase of body weight. (INAH therapy) 
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that though epithelial- cellular, macrocellular and lymphocytic tuberculous 
infiltrations were observed in all the groups, it must be noted that such infil- 
trations were most notably developed in the dystrophic-rachitic group. Epi- 
vascular cell infiltration, stromatic pneumonia, hemorrhage and proliferation 
of lymph apparatus were observed in all the groups in the same extent, but when 
INAH was applied, tuberculous cell infiltration was alleviated and the prolife- 
ration of the lymph apparatus was intensified in all the three groups. (Tab. 
235 and Fig. 168) 
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Fig. 168. Microscopic findings of the lung. 


(6) Histologically, the liver showed the highest macrocytic tuberculous 
infiltration in the dystrophic-rachitic group, followed by the eutrophic-rachitic 
group and it was only very slight in the control group. Inflammation of the 
hepatic stroma was perceptible in the rachitic groups, both eutrophic and 
dystrophic, but was mild in the control group. The macrocytic tuberculous 
infiltration in the white and the red medullae of the spleen was particularly 
pronounced in the dystrophic-rachitic group, while the proliferation and blood 
congestion of the white medulla was observable in a similar degree in all the 
three groups. No marked change was observed in the kidneys, except a slight 
blood congestion in the dystrophic-rachitic group. Treatment with INAH 
tended to decrease the tuberculous infiltration by macrocytes and to alleviate 
the interstitial inflammation of the liver and the proliferation of the white medulla 
of the spleen in a slight extent, but the dystrophic-rachitic cases showed to be 
difficult of curing. (Tab. 236 and Fig. 169) 

(7) The results of cultivation of tuberculous bacilli from the entrails of 
the animals showed that the number of grown colonies of the bacilli was not 








Kidney 





Experimental Infection of Rachitic White Rats 


UOT}VUBE}S 


vruroevsrsdApy 


‘djnd o31ym 
jo eisejdiadAyy 


Spleen 


‘dnd poi uy 


Tuberculous 
cell infiltrat. 


INAH therapy 


‘dind 


ouIyM UT 


sNs19jUT 


Liver 


Tuberculous 
cell infiltrat. 


r 


Kidney 


jeunss9jUy 


puurisqns 


“ON, 9SBCE) 


uoneuseis 


viurserodApy 





‘djnd ayy 
jo eisejdsodAyy 


Spleen 


The Microscopic Findings of the Liver, Spleen and Kidney 


‘dnd por uy 


Tuberculous 


cell inflltrat. 


TABLE 236. 


No therapy 
Liver 


Tuberculous 
cell infiltrat. 








*dind 
auYyM uy 


synYsi9}U] 


[ennsssjuy 


puurysqnsg 


“ON, 988E) 


sdnoiry 





tt 


> incon- 


venience 


die from tl 


14 
16 
18 
19 
20 


die from the incon- 
venience 


10 


Itl 





354 T. Tanabe 




































































lw. after inoculation Zw. after inoculation 
hepatitis | “ G * | a eg a iw o O° 
infect. a 4 oo a4 
= s Spleen oo a 06 ° oo oo° 
g 3 nephrosis | 4 0 ao ao * = ak ys _ 
eLSK 
pome y t t —-|e + -]e t —le t -loe +t -loe + - 
© 
= | rickets degree tt ~ tt t~t - tt ~ tt +~ ft a 
hepatitis ° 3 _ * eases 
infect. a elea asa 
= a spleen a 2 4 
2is ‘ Pr 4 a 
3 = nephrosis = a oh aeae 
=| 5 
me po * +t -|* + -le + —le t —le + —le tt 
iw 
> | richets degree | mm ~ t+ t-~£ - wt ~ + +-~z _ 
No therapy 1-4, IO, M0 V.D, therapy Ia, O-~@ 


Fig. 169. Microscopic findings of the liver, spleen and kidney. 


always corresponding to the degree of the pathological changes of the respective 
cases, and no very perceptible difference was found between the groups in this 
respect, but we could find a slightly larger number of colonies in the cultivations 
from the entrails of the dystrophic-rachitic group. When INAH treatment was 
applied, the bacilli count of the rachitic groups was higher than in the non- 
treated groups, but in the control group, the count was found decreased following 
the treatment. The bacilli in the liver, the spleen and the kidney were found 
always in a smaller number than in the non-treated groups, and in particular, 
we found them annihilated in the kidney following the treatment. 


DiscussION 


There have been only a very few reports on experimental studies on the 
subject of rickets and infection, and none available on such studies with white 
rats as materials. In my experiments reported above, I have indeed succeeded 
in causing tuberculous infection, but the pathohistological changes observed 
in the animals were only mild in degree. Among the rachitic groups, however, 
as had been anticipated, the animals in the dystrophic-rachitic group showed 
the gravest degeneration, while in comparison with the control group of normal 
animals, the 2 rachitic groups showed the stronger degeneration, findings pre- 
sumably sufficient to prove the impaired resistance against infection in rachitic 


cases. 


CONCLUSION 


Experimental rachitic white rats were inoculated with human type tu- 
berculous bacilli and the gravest injury was found in the dystrophic-rachitic 
animals upon ocular, histological and bacterilogical examinations. Intramus- 
cular injection of Inah was found considerably effective in treating the tubercu- 
lous animals in all the groups. 
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Experimental Infection of Rachitic White Rats with 
the New-born Pneumonia Virus (Type Sendai HVJ) 


INTRODUCTION 


In my previous reports, I reported on my studies on the subject of rickets 
and anti-infectional resistance, in particular, on the results of animal experi- 
ments using human type tuberculous bacilli in the previous report. In this 
report, I shall describe the results of my experiments in which experimental 
rachitic white rats were inoculated with suspension of the new virus Type Sendai 
(HVJ) we have succeeded in isolating from the new-born patients of pneumonia 
that broke out in 1952 in the wards of the Gynaecological Clinic of our Univer- 
sity Hospital. 


Experimental Materials 


i) Pure-bred Wester white rats, about 5 weeks after birth and around 
40 g each in body weight, were used as experimental animals. 

ii) The feed for the animals to be made rachitic was the same as recited 
in Table. 1. 

iii) To prepare the suspension for inoculation, the lung emulsion prepared 
at the Bacteriological Laboratory of Tohoku University from mice killed by 
infection with newborn pneumonia virus Type Sendai (HVJ)—(A)E.Mge was 
centrifuged at 3,000 rpm for 20 minutes, and the supernatant, to which 2.5 
mg/cc of Streptomycin chlorate and 1000 units/cc of sodium salt of Penicillin 
G were added, was used. This preparation had the activity of 10° id 50 when 
nasally inoculated to mice. 

iv) For vitamin therapy, Vitamin Dg, diluted to 5,000 units/cc with tween 
20 was used. 

v) For demonstration of HVJ in the infected lung of the white rats, mice 
10-15¢ in weight were bought before use every time. 


Experimental Method 


The experimental white rats, 30 heads in total, were divided into 3 groups, 
Group I was fed on diet I in Tab. 1, Group II on diet II and Group III on 
diet III. They were kept separately in wire cages and kept in darkned room 
at around 15°C for 3 weeks, then the grade of the rickets induced in them was 
estimated by roentgenography before introducing 0.15 cc of the virus suspension 
prepared as described above through their nose under narcosis with ether. 


Toshikazu Tanabe, M.D. (Department of Pediatrics, Tohoku University Medical School, 


Sendai, Japan. Director: Prof. Tamotsu Sano) 
357 





358 T. Tanabe 


Taste 237. Experimental Foods 





Eutrophic- Dystrophic- 
I rachitic II rachitic Ill 
group group 


Control 
group 


Uncleand 


Maize meal 74 sit: anal 


Maize meal 74 


Soy-bean 20 


powder Wheat-meal 


Wheat cake 20.1 


Ferment 1 Ferment 1 Fish powder 


Salt 1 Salt | Salt 


Calcium 18 | Calcium 18 
carbonate . | carbonate : 


Ca: P=3:1 Ca:P=4:1 


Rice-brain 


bw. 
130 


120 
no 


100 


0 —& virus inoculation 
, 


40 
60 Y 

10 ts 

60 Pt comer iil 
oe ow, 


40 


| a 








ATT TRV ST FFF FF 
days from the begining SdayS  Gdays ‘days days += 25 days «= 5Odays 
of exper. 

Fig. 170. The increase of body weight. (no therapy) 
bw, 
120 

8 
10 
100 
90 


60 


> Virus inoculation 
+ V.D, injection 





70 
60 is ro enee atil 


" 7 ae 








"TVVASDT TO" OTe 
poo ae begining of 7 days days 21 days 4Bdays Pl days 
Fig. 171. The increase of body weight. (V.D. therapy) 





Then the feeding was 
resumed under the 
same conditions. 2 
each of the animals in 
Groups I and II were 
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oculation and kept in 
isolation from the in- 
oculated animals. On 
the day following the 
inoculation, 5 each of 
the 10 inoculated ani- 
mals in Groups. I and 
II were injected with 
10,000 units/kg of 
Vitamin D, in the 
above mentioned dilu- 
tion intramuscularly in 
the hind leg. 1 week 
later, the roentgeno- 
graphic examination 
was repeated and 3 out 
of 5 injected with vita- 
min, and 3 out of 5 
not treated with vita- 
min in Groups I and 
II and 3 out of 6 in 
Group III were sacri- 
ficed for examinations 
from various angles. 
After the lapse of 
another week, the re- 
maining animals were 
sacrificed after X-ray 
examination. (Table 1) 


Experimental Results 
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was greatest in the 
control group, follow- 
ed by the eutrophic- 
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group. (Fig. 170, 171) 

2) Upon making X-ray observations of the rib rosaries and the long bones 
of the lower extremities and histological examination of the latter, we found the 
results in good agreement. In the eutrophic-rachitic group, both the rachitic 
X-ray findings of the rosaries and the X-ray and the histological findings of the 
lower limbs were very remarkable. In the dystrophic-rachitic group, the 
rachitic findings of the lower limbs were not so apparent on roentgenograms 
as in the preceding, but upon histological examination, the rachitic degeneration 
was equally remarkable. No animal in the control group became rachitic. 

When vitamin D, was applied 
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V.Dz theray I---4, ----@ as the rickets tends to be cured 
by vitamin therapy, but the 
slightly stronger reaction in a 
test for it shown by the dystrophic-rachitic cases probably suggests that these 
cases are more strongly infected by the virus than the other. 

4) Virus type Sendai was most markedly demonstrable in the lungs of 
the infected dystrophic-rachitic rats in both the first and the second weeks after 
the inoculation. When the animals were treated with vitamin D,, the results 
of the tests for the virus were not much different in the dystrophic and the 


eutrophic groups. (Table 238 & 239) 


Fig. 172. Rachitic X-ray findings. 


TaBLeE 238. The Macroscopic Findings of the Lung 





No therapy | INAH therapy 
Group - - 
No. cases | Tuberculosis} Congestion No. cases | Tuberculosis; Congestion 
I 3 1 1 4 0 4 
II 4 4 4 4 0 
Ill 4 0 4 3 0 


5) The consolidation of the lungs was most marked in the control group, 
followed by the eutrophic-rachitic group and was slightest in the dystrophic- 
rachitic group in the first week following the inoculation, but in the second 
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TasBiLe 239. Infectivity of (HVJ) in the Infected Rat’s Lung 
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week, the  eutrophic- 
rachitic group showed 
the heaviest consolida- 
tion, followed by the dy- 
strophic-rachitic group 
coming next, the con- 
trol group showing no 
change from the state in 
the first week. When 
vitamin D, treatment 
was applied, the dy- 
strophic-rachitic group 
showed severer changes 
than the eutrophic rachi- 
tic group. (Fig. 173) 
6) The histological 
findings of the lung in 
the first week after the 
virus inoculation were 
most abnormal in the eu- 
trophic-rachitic group, 
wee: Ts being somewhat lighter 
Fig. 173. Consolidation of rats lung. in the dystrophic-rachi- 
tic and the control groups. In the second week, the pathological findings 
were particularly obvious in the eutrophic-rachitic group, notable to some 
extent in the dystrophic-rachitic group and mild in the control group. When 
vitamin D, therapy was applied, the difference from the non-treated groups 
was not large in the first week, but in the second week, the pathological 
symptoms were found cosiderably alleviated. The dystrophic-rachitic group, 
however, seems to show slower healing. 

7) Histologically examined, hepatitis was found marked in the control 
group, infection of spleen not different in the three groups and nephrosis was 
mild in all the groups, except in the control group in the second week. When 
vitamin D, treatment was applied, no such improvement as in the findings of 
the lungs was observed in these organs, the pathological findings becoming 
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slightly more marked in the dystrophic-rachitic group in the second week. 


Discussion 


I am not aware if any report has been made in which the weakened resistance 
of rachitic subjects against infection was demonstrated by means of white rats 
experimentally infected with virus type Sendai (HVJ) causing pneumonia in 
newborns. It has been generally believed that white rats are not susceptible 
to infection by this virus, but I have succeeded in accomplishing the experiment. 
The conditions of the infected white rats, however, were not so grave as in 
similarly infected mice, as none of the former fell victim to the infection and 
their hemagglutinin content was found also not so strikingly increased as in 
infected mice, perhaps owing to the activity of some unknown inhibitive factor. 


CONCLUSION 


Pure-bred Wester white rats were divided into 3 groups, (1) eutrophic- 
rachitic, (2) dystrophic-rachitic and (3) normal controls, which were all sub- 
jected to infection with newborn pneumonia virus type Sendai (HVJ). Al- 
though in some cases the macroscopic and histological findings showed no 
obvious difference between animals in the 3 groups, I found that the proliferation 
of the virus was most prosperous in Group (2), and when vitamin De, treatment 
was applied to deal with the rickets, the recovery from the pathological de- 
generation was found more delayed in Group (2) than in Group (1). In Group 
(3), such a degeneration, if present, was relieved rather rapidly. 
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Studies on the Intestinal Flora in 
Rachitic Sucklings 


I. In Mother-milk Fed Sucklings 


Since the publication of the reports by Escherich (1886),!) Moro (1900), 
and Tissier (1908),?) numerous studies have been made on the intestinal flora 
in sucklings. The fecal flora of naturally fed sucklings are rather simple in 
composition, consisting mainly of B. bifidus. The feces of pH value of the 
feces ranges between 5.0 and 5.5, but those in artificially fed sucklings are more 
complex, containing many colonies of E. coli, the pH value of the feces ranging 
between 7.0 and 7.5, shifting to the alkaline side. 

It was admitted by Albright and Sulkowitch (1939)* and McCollum 
(1938) and others that the feces of rachitic children show an increased amount 
of excreted Ca and P, and Holt et al. (1919)® reported that whereas the excretion 
of fat in feces is 18% of the total dried weight of feces in normal children, it 
amounts to 24.6% in rachitic children, showing an evident increase. Wako 
and Saeki?) of this laboratory (1954) said that in some rachitic children, the 
excretion of fat in feces was observed to increase. 

It may be readily inferred such a difference in the composition of the feces 
must have some influence on the pH value and the nature of the bacterial flora 
in it. In fact, as Zucker and Mazner (1923)® have already remarked, the pH 
value of the feces tends to shift to the side of alkalinity in rachitic children. 
Fukami (1953)® reported that the fecal flora becomes more variegated in white 
mice when rachitic and the rate of detection of bifidi lowere. But the past 
observations on the subject were generally obtained from animal experiments 
and no systematic study on the intestinal flora of human rachitic sucklings has 
ever been published. 

So, the author of this paper undertook to examine the intestinal flora of 
human sucklings, and to obtain data useful in caring of the nutrition for sucklings, 
with a view to prophylaxis and cure of rickets. 


Experimental Materials and Method 


i) Medium and method of cultivation: As media, plates of liver agar 
with 2% of glucose (pH 7.2—7.3) were used. ‘The Verney’s yellow phosphorus 
anaerobic cultivation method improved by Yanagawa (1933) was followed. 

ii) Test method: As much of fece as possible was aseptically sampled 
and about 20 cc of homogenous suspension of it was prepared in a sterilized 
homogenizer by adding sterilized distilled water. This suspension was diluted 
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down to a convenient density with physiological saline, and a loopful of it was 
uniformly smeared on the medium plates with a Conradi’s rod. The media 
were then subjected to the above mentioned method of cultivation anaerobically 
for 72 hours, and then the colonies of bacilli on the media were thoroughly 
examined with a magnifying glass. The colonies were classified by their shape, 
size, color, translucency and surface appearance. An entire colony of each 
class was hooked up and a part of it was resmeared on a medium plate and 
cultivated this time aerobiotically to distinguish between partial and universal 
anaerobics. Their strains were determined by morphological examination of 
Gram stained and simple stained preparations and the composition of the 
flora was expressed in the terms of percentages of the individual strains in it. 

iii) Measurement of hydrogen ion concentration: For this, pH measure- 
ment paper manufactured by Toyo Roshi was used and the measurement was 
done immediately after the sampling of the tested material. 

b) Counting of bacilli. The McCrady’s method based on the M.P.N. 
dilution and improved by Mr. Homma (1952)! was used to count the absolute 
number of viable total bacilli, E. coli and enterococci per mg of dried feces. 
For counting bacilli by M.P.N., it is necessary to use selective media, so the 
improved SF and EC media devised by Homma based on the SF and EC media 
of A.A. Jajane were used in the author’s experiments. For cultivation of the 
total bacilli, media of thio-glycolic acid were used. 


Experimental Results 


1) Comparison of percentages of detection of various bacilli under anaero- 
bic cultivation and of fecal pH values in the cases of normal, rachitic and VD, 
treated rachitic naturally fed sucklings (Tab. 240). 


Tasie 240. Frequency of Detected Anaerobically Cultured Bacteria in % 
and Fecal pH in Normal and Rachitic Sucklings 





No. | B. bifidus | 2 acido- E. coli Entero- Miscel- Fecal 
Subject ant ? phil ie cocci laneous pH 
as (%) (%e) (%) (%) (%) (mean) 
Mother-milk fed | 9) 93.2 0.3 0.4 3.4 2.7 5.6 
normal sucklings 
Ditto, rachitic 30 89.9 L7 a5 2.4 3.5 6.2 
Siete, mesunel, 1093.2 0.9 0.3 2.3 3.3 5.6 
given VD, per os 
Ditto, rachitic 1] 91.6 1.3 0.5 2.5 4.1 5.5 


The pH values of the feces of normal sucklings stand between 5.0 and 6.4, 
38.0% of the total cases showing values of 5.0—5.5, 38.0% 5.6-6.0, and 23.8% 
above 6.1%, the total average standing at 5.6, while the same in rachitic sucklings 
ranged between 5.0 and 7.0, 16.6% showing the values of 5.0-5.5, 13.3% 5.6- 
6.0 and 70% above 6.1, the total average coming up to that of rachitic sucklings, 
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the difference of 1% being significant. 

On the aerophobic cultivation plates, bifidi appeared in the percentage of 
64.6% to 100% of the total count in normal sucklings, in less than 70% in 4.7% 
of the total cases, in 71%-80% in 0%, in 81%-90% in 19.0% and in 91%- 
100% in 76.1%, the total frequency of appearance averaging 93.2%, while 
in rachitic children, the bifidi occupy from 49.2% to 100% of the total count, 
appearing in the percentage of below 70% in 3.3%, in 71%-80% in 13.3%, 
in 80%-90% in 20% and in 91%-100% in 63.3%, 89.9% on an average, the 
cases with lower percentage of appearance of bifidi being more frequent in rachitic 
sucklings. On the contrary, E. coli were detected in 5/12 of the cases in the 
average frequency of 0.4% in normal sucklings, whereas in rachitic sucklings, 
the figures both rose to 10/30 and 2.5% respectively. Such a difference in the 
frequency of detection of B. bifidus and E. coli, however, cannot be said to be 
statistically significant. 

In the cases of those to whom 900 units per diem each of VD, were orally 
administered for a period of one month, a comparison of the fecal pH values 
and the counts of bacilli under aerophobic cultivation prior to and subsequent 
to the administration showed that in normal cases the values remained at 5.6 
and the bifidus count at 93.2% while the E. coli count fell from 0.4% to 0.3% 
before and after the administration, showing no significant change in pH values 
and the viable bacillus counts, and the percentage of bifidi happened to coincide 
in average. In rachitic sucklings, the fecal pH values fell from 6.2 to 5.5, 
showing a significant diminution by the VD. administration, and the percentage 
of appearance rose from 89.9% to 91.6% in average with bifidi, while with E. 
coli, it fell from 2.5% to 0.5%, but this change in percentages is not statistically 
significant. ‘ 

2) Comparison of absolute number of viable bacilli per mg of dried feces 
from naturally fed normal, rachitic and VD, administered sucklings (Tab. 241). 

The total bacillar count 


TaBLe 241. Average Logarithms of Absolute Numbers of : 
was smaller in normal than 


Viable Bacteria per Mg of Dried Feces . <4 . 
in rachitic cases, showing a 


statistically significant dif- 
ference of 5%. By VD. ad- 
hee ministration, the total count 
Mother-milk fed | 9) | 65303 | 5.1314 | 4.7058 ee a-ha 

was raised both in normal 





No. Total 


‘ E. coli | Enterococci 
cases bacteria 


Subject 


normal sucklings 


Ditto, rachitic 30 | 6.2449 5.5418 4.7985 and in rachitic children, also 
Ditto, normal, 10 7.3957 5.1855 4.8619 witha statistically significant 
given VD, per os increment 

Ditto, rachitic 11 6.6770 5.1256 4.5920 Between the counts of 


enterococci of normal, rachi- 
tic and VD, administered sucklings, no significant differences were observable. 
The E. coli count was larger in rachitic than in normal sucklings, showing 
a statistically significant difference. In normal sucklings, this count was not 
different before and after the administration, but in rachitic cases, it was reduced 
by VD, administration. 
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DiscussION 


The fecal pH values were higher in rachitic than in normal sucklings, 
showing statistically significant difference. In the percentages of anaerobic 
bacilli, the bifidi were larger in normal than in rachitic sucklings, but the E. 
coli were smaller. Comparing the absolute number of viable bacilli, the total 
count was smaller but the E. coli count was larger in rachitic than in normal 
sucklings, with a statistically significant difference of 5%. 

Since the change in the total count may be assumed to reflect that in the 
count of bifidi which occupy the largest part of the viable bacilli in the feces 
of naturally fed sucklings, in consideration of the percentage of frequency of 
anaerobic bacilli and the absolute number of them, we can deduce that B. 
bifidus are less and E. coli are more numerous in the feces of rachitic than in 
those of normal sucklings. 

Upon administering 900 units per diem each per os for a period of 30 con- 
secutive days, and comparing the pH values of the fecal flora prior and subse- 
quent to the administration, no significant difference was found in normal 
subjects, but in rachitic sucklings the pH value significantly fell, the frequency 
of bifidi rose and the average frequency of E. coli decreased after the adminis- 
tration. In the absolute count of viable bacilli, the total number increased but 
the E. coli decreased. Thus in rachitic sucklings, the fecal pH value and the 
flora tend to normalize by administration of VDe. 

The fact that in the author’s experiments he obtained results showing sig- 
nificant difference between the counts of total bacilli and E. coli but no such 
a difference in the rate of appearance of various bacilli on anaerophobic culti- 
vation plates is probably due to the errors involved in calculating the percentages 
of bacterial species on cultivation plates and the peculiarity in the intestinal 
bacterial flora in normally fed sucklings, where bifidus bacilli are in over- 
whelming predominance. 

Mr. Murata (1954)!”) pointed out that though it is the common procedure 
to assume all colonies showing the same outward appearance on a cultivation 
plate as belonging to one group and take one of such colonies each per group 
to examine it bacteriologically, in calculating the percentage of frequency of 
bacterial species, we must bear in mind that different bacteria sometimes make 
similar colonies, so that the colonies in the same group are not necessarily com- 
posed of the same species, and that when the number of E. coli is 1/10,000- 
1/1,000 to the total bacterial count, the percentage of E. coli is given as 0% 
on cultivation plate, but this 0° does not represent negative count in truth- 
Such discrepancies are apt to cause errors in the method of counting bacterial 
on plate cultures, and he points out the desirability in studying intestinal bacteria! 
flora to count the total bacteria number on thioglycolic acid media by ap- 
propriate counting method, and on the other hand, to count the absolute number 
of with completed selective media, to observe the bacteria with no completed 
selective media by cultivating them on plates, and estimating the results in col- 
lation. 

As to further details, the author wish to discuss in the general summary 
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at the end of the report. 


SUMMARY 


A comparative study of pH of feces and the bacterial flora in the intestines 
of normal and rachitic infants of purely natural feeding revealed the following. 

1. The pH values of the feces of rachitic infants were higher than those 
of feces of infants in normal health. 

2. In the percentage of anaerobic bacteria in the intestines, the rachitic 
children showed lower percentage of B. bifidus and higher percentage of E. 
coli in comparison with normal children, but the difference in any case was 
not statistically significant. 

3. The total bacterial count in | mg of dried feces of rachitic children was 
lower than that of normal children but the number of E. coli therein was larger 
in the former. Here, the difference was significant, if 5% is taken as the critical 
rate. 

4. Considering the above percentage of anaerobic bacteria and the total 
count of viable bacteria in collation, we may say that the number of B. bifidus 
is lower and the number of E. coli is higher in a unit weight of feces of rachitic 
children than in that of normal children. 

Upon oral administration of 900 units daily of VD2. continued for one 
month and comparing the findings with those obtained before the vitamin 
administration, we found that: 

1. In normal children, there appeared no change in the pH value of the 
feces, the counts of B. bifidus and E. coli following the administration. 

2. In rachitic children, the pH value of the feces was found lowered, 
the percentage of B. bifidus heightened and the percentage of E. coli lowered 
after the treatment. In their total count of viable bacteria, the total number 
increased but the number of E. coli decreased. Thus, in rachitic children, 
administration of VD, brings about the lowering of pH value of feces, an in- 
increase of B. bifidus and a decrease of E. coli in unit weight of feces, so that 
these values come nearer to those of normal children. 

(The difference in the above were calculated in accordance with Welch- 
Aspin: Biometrika 30, 290-290, 1949). 
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II. In Cow’s milk Fed Rachitic Sucklings 


Fukami (1953)%) undertook an investigation of intestinal bacterial flora in 
rachitic children, though the number of cases was rather small, and reported 
on the complexity of the flora and the low frequency of the detected B. bifidus, 
The author of this paper has had the opportunity of examining the intestinal 
flora of a comparatively large number of cow-milk fed dystrophic rachitic suck- 
lings. He will now report on his comparative study of the results of such ex- 
aminations and the findings on the intestinal flora in cow-milk fed and dystro- 
phic but not rachitic suckling sufferings suffering from about equal decrease 
in body weight, as well as on the changes in the flora upon intramuscular and 
oral administration of VD. to the sucklings in these two groups. 

It was confirmed by Kline (1939),!* Yamamoto (1953)™ and others that 
lactose has antirachitic effect. Sittler (1909) and Dragstedt (1923)!® re- 
ported on the proliferation of acid producing bacteria following the adminis- 
tration of lactose, Kopeloff (1930)!7) on the importance of lactose as a source 
of nutrition to B. bifidus and Gerstley (1930)!®) ‘that lactose is free of injurious 
effect in infant trophology. There are many pediatrists who have advocated 
the use of lactose as a.desirable addition to the use of lactorse as a desirable ad- 
dition to artificial nutrients, seeing that the sugar contained in mothers’ milk 
is nothing but lactose, but since lactose is subject to ready fermentation and is 
apt to cause diarrhea, it has not come into common use as such. 

More recently, Starvos (1950)! and Mayer (1950) asserted that the 
addition of y-lactose in artificial feeding causes proliferation of bifidi in the 
intestinal flora, and Hirata (1953—54)?") used his own-made samples of acidified 
y-lactose and carbohydrate milk and ascertained the proliferation and prevalence 
of bifidi in the intestinal flora in sucklings, calling attention to the non-fermenting 
property of y-lactose and its immunity from diarrheal effect. 


Experimental Materials and Methods 


The subjects were selected from sucklings accommodated in the Miyagi 
Prefectural Nursing Home, the Sendai City Hospital and the Pediatrics Clinic 
of Tohoku University. Purely cow-milk fed sucklings were subjected to ob- 
servation, and during the time of observation, antibiotics that might influence 
the intestinal flora were strictly avoided and non-milk food was prohibited as 
far as possible. If a subject had to be treated with antibiotics on account of 
complication of diarrhea, the experiment with the subject was given up. 

The method of testing as well as of bacterial cultivation was entirely the 
same as that described in Report I. 


Experimental Results 


I) Comparison of Intestinal Flora in Milk-fed Dystrophic and Dystrophic- 
Rachitic Sucklings. (Tab. 242) 
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TaBLeE 242. Comparison of Intestinal Flora in Cow’s Milk Fed 
Dystrophic and Dystrophic-rachitic Sucklings 








| . ° | 2 s oO 
Fecal flora under anaerobic | = pa age wb 


on | bacteria per mg of dried 
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Dystrophic- | 9 19 | 6.7 | 3.2 | 44 | 286 19.0| 45.1 | 6.8904) 6.3526) 5.3896 
sucklings (11/19) 
Dystrophic- 
rachitic 10 | 26 | 73 O05 | 1.3 | 31.0, 147 | 53.5 | 6.9643 6.3033! 5.3272 
sucklings (3/26) 


The results of 18 tests of feces of 8 sucklings free of complications, being fed 
only with cow-milk and diagnosed free from rickets by clinical, X-ray and 
serochemical examinations showed a decreased in their body weight by 11- 
29% from the standard weight, and those of 26 tests of 10 sucklings equally 
underweighted by 11-30%, (including only one case with 60° reduction), 
fed only with cow-milk and diagnosed as rickets, are shown in Tab. 242. 

1) Fecal pH: Whereas the merely dystrophic infants showed the fecal 
pH values of 6.7 in average, those of dystrophic-rachitic children showed the 
higher average of 7.3. 

b) Frequency of detection of bacteria upon anaerobic cultivation: The 
most outstanding difference in the two groups of subjects consisted in the notable 
lowness of the rate of detection’and of appearance of B. bifidus in the dystrophic- 
rachitic sucklings in comparison with that in dystrophic sucklings. In the 
group of mere dystrophic infants, such bacteria were detected in 11 of the total 
19 tests conducted with 9 subjects, showing the average rate of appearance of 
3.2%, while in the dystrophic-rachitic group, they were detected only in 3 of 
the 26 tests (10 subjects) with the average rate appearance of 0.3%. No sig- 
nificant difference was observed between the two groups in the emergence rates 
of B. acidophil., E. coli and enterococci. The fact that the bacterial species 
included under the heading of miscellaneous are much more variegated and 
more frequently detected in the dystrophic-rachitic group seems to indicate 
the complexity of the fecal flora of such infants than in mere dystrophic subjects. 

c) Absolute number of viable bacteria: No significant difference was 
seen in the absolute numbers of total bacteria, enterococci and E. coli. 

II) Influence of VD. Administration on Intestinal Flora 

600,000 units of VD. per subject was given intramuscularly to 2 dystrophic 
and 3 dystrophic-rachitic sucklings, all cow-milk fed, and the changes in their 
intestinal flora were followed up (Tabs. 243 and 244). ° 

The results of 1—5 tests each before the injection and 2 tests each 2—6 days 
after it were studied in comparison. First of all, reduction of the fecal pH 
values was observed in all cases, changing from 7.0 to 6.3 and 6.4 to 6.2 in 
dystrophic and from 7.8 to 6.9, from 7.3 to 6.5 and from 8.2 to 7.4 in dystrophic- 
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Tasie 243. Effect of Muscular Injection of V. Dg upon Intestinal 
Flora in Cow’s milk Fed Dystrophic Sucklings 








| oa | | Fecal flora under anaerobic | Mean logarithms of absolute 
| 7 cultivation | counts of viable bacteria per 
6 % i 
| 5 g | | (2%) | mg of anes ees 
| ~0'S | a0} | +2] 4 
| oI } 3 | 
o | se B® él ot Ee et ee a = b 
E | vé 1@]s8/8-_| &§ |Ss183) F g $3 
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| As me | 6 [eo gd pws 28) bal ws 
| 22/11 Litt 1°43 0 26.4 | 10.6 | 58.7 | 7.9138 | 7.3222 , 6.9138 
T.K. | 24/II 600,000 units of VD, injected intramuscularly 
| 22/17, 1/01I 2| 63 (3461 0 0 22.1 | 43.3 | 7.0256 | 5.5256 | 6.1901 
| oie aes is 
15/11, 17/11 4 | 6.4 0.3 1.6 | 26.1 | 12.2} 59.8) 7.5867 | 7.3041 | 6.2588 
KS 19/II, 22/11 600,000 units of VD, injected intramuscularly | 


24/11 | | 
26/11, 1/11I 2; 62; 30 | 1.0 6.0, 13.0 | 80.0 7.4194 , 7.0966 | 5.7955 
Taste 244, Effect of Muscular Injection of V. D, upon Intestinal Flora 
in Dystrophic-rachitic Sucklings fed by Cow’s Milk 





21/V, 29/V 

3/VII, 19/VIII | 7.8 
22/VIII 5 | 
3/IX 600,000 units of VD, injected intramuscularly 

4/IX, 51X 2] 69 0 9.3 | 21.3 | 31.4 | 37.8 | 7.0730 | 5.7841 | 4.7782 


O | 2.7 | 28.4 20.0 | 53.1 | 6.6645 | 6.3301 | 4.9293 
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4/VI, 22/VII 
E.T. | 19/VII 3; 73] 0 0 19.5 | 29.9 | 50.6 | 6.5083 | 5.9014 | 4.2928 


Ait 3/I1X 600.000 units of VD, injected intramuscularly | 
S/IX, SIM 2! GS 0 0 12.5 | 27.9 | 59.5 | 6.8512 | 6.1743 | 4.6347 


9/VI, 4/VII a | 
W.T. | 19/VIII 3/ 82] O 2.3 | 13.0 | 27.2 | 57.5 | 6.3892 | 5.7207 | 4.5806 
+! 3/IX 600,00 units of VD, injected intramuscularly 
4/1X, 5/TX 2 7.4 0 0 21.5 | 185 | 59.9 | 6.7197 | 5.2124 | 3.7525 


| | | 


rachitic cases, the latter 3 cases showing quite marked fall from the higher 
values before the injection. In the mere dystrophic cases, the percentage of 
bifidi tended to rise and that of E. coli to decrease following VDz injection, 
but in dystrophic-rachitic sucklings, no bifidi showed appearance and no definite 
change of bacterial cotints was observable after the injection. ‘The two groups 
of subjects showed a marked inequality in this respect. 

III) Influence of Oral Administration of VDz on Intestinal Flora 

37.500 units of VDe per day per capita were orally administered to 3 dys- 
trophic and 2 dystrophic-rachitic sucklings for 14 days in succession. Their 
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feces were tested 2-3 times before the administration and in the Ist and the 2nd 
weeks and after the discontinuance of the administration. The average results 
per period were then studied in comparison to ascertain the changes (Tabs. 245 
and 246). In both groups, the tendencies of pH value reduction, of increase 
in percentage of bifidi and of decrease in the number of E. coli were observed, 
but the latter two tendencies were less marked in the dystrophic-rachitic cases. 
After all, the difference in changes between the two groups was not so notable 
as in the above. Since we were not given any opportunity to test dystrophic, 
severely rachitic subjects and had to use dystrophic but only slightly rachitic 
children in these experiments, it might have influenced our results, seeing that 
in our tests using intramuscular injection of VD». as described above, we ex- 
perienced quite a notable difference in the results. 
IV) Influence of Added f-lactose on the Intestinal Flora 

Now that the author has demonstrated that in the feces of dystrophic- 
rachitic sucklings fed with cow-milk only the rates of detection and of emergence 
of bifidi are lower than in mere dystrophic sucklings, I proceed to administer 


Taste 245. Effect of Oral Administration of V. D. upon Intestinal Flora 
in Dystrophic Sucklings Fed by Cow’s Milk 
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9 cultivation counts of viable bacteria per 
Ss (2%) mg of dried feces 
ae 
re} 
v's na 
es a)/2/4 ; ' 
4: ac ia] ia ©] ons 4 | oon 4 
- & = ow - — ) Ee. eh = ) 
g e§ 5 BS \ ta | © |) S81 Se s g o's 
= Z 3 v = = = 9 = 4 -~ Y 
» * Pad : ak r<3 rn © Sa a at ie) 
vA AS ey faa] maa ea) Ho as - ca) wo 


Before administration 

21/X, 24/X 2 6.8 1.9 zz 29.2 27.2 29.5 6.6822 | 6.3162 | 4.5030 

25/X 37,500 units of VD, per day orally administered 

1 week after 

27/X, 1/XI 2! 69 | 294) 4.2 6.2 14.22 45.9) 6.5691 | 5.2763 5.8106 
SS. 2 week after 

4/XI, 7/XI, 

9/XI 3 | 58 | 40 1.3 0 0 37.2 6.8223 | 5.2126 | 6.0045 

9/XI VD, administration discontinued 

After discontinuance 


14/XI, 18/XI12| 6.2 224 48 0, 84 643 7.2693 5.0642) 6.9432 


Before administration 
21/X, 24/X 2); 6.7 8.3 9.1 2.3 44.0 36.3 6.4225 5.4225 5.4938 
S.T 25/X 37,500 units of VD, per day orally administered 
“"" | 1 week after 
4/XI, 7/XI 3)| 6.0 | 49.4 13 0 5.1 44.2 6.3466 4.6293 | 5.3057 
9/XI 


Before administration 

14/I 1 6.8 2.4 0 34.7 0 62.9 6.7243 | 5.7243 , 5.9685 

1 week after 

19/I, 23/1 a) CF 34.8 0 13.3 17.9 34.0 6.9854 4.3898 6.1869 
F.H. | 2 week after 

dik, Sill 2; 68 32.5 0 0 32.6 34.9 6.8351 | 5.9542 | 6.4029 

1/II VD, administration discontinued 

After discontinuance — | 

4/11, 5/11 2| 69 | 9.8 0 0 12.1 73.1 6.6751 | 6.2927 | 5.4956 
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Tasie 246. Effect of Oral Administration of V.D,. upon Intestinal Flora 
Dystrophic rachitic Sucklings Fed by Cow’s Milk 





Fecal flora under anaeaobic Mean logarithms of absolute 
cultivation counts of viable bacteria per 
(2%) mg of dried feces 


| 


coli 


acido- 


phil 
coli 


Date and No. of 
examination 
Fecal pH 
B. 

E. 

Entero- 
cocci 
Micel- 
laneous 
Entero- 
cocci 


Name & X-ray 
find. of rickets 
B. bifidus 

| Total 

| E. 


Before administration 


I/II, 3/11 mb pee 0 0 ys 6.2 | 70.7. 7.4502 | 5.4502 | 6.5611 
24/II 37,500 units of VD, per day orally administered 


1 week after 
K.N. | 26/11, 1/III 2); 7.2 4.2 0 20.5 11.3 64.0. 7.0737 6.3686 6.0477 


+ 2 week after 
oars, SE 32) 7.1 |. 20:1 | 32 O 24.0 52.6 6.8324 | 5.8010 | 6.2204 
10/III_ VD, administration discontinued 


After discontinuance 
12/111, 15/111 2 6.7 0 0 34.1 15.0 50.9 7.3266 | 6.6558 5.8266 


Before administration | 
22/11 1 6.4 0 hea 15.5 3.6 26.3 | 7.4150 | 6.8921 | 5.6532 
24/II 37,500 units of VD, per day orally administered 
1 week after 

K.K, | 26/II, 1/111 2] 6.3 13.1 0 3.0 | 20.2 | 63.7 7.5163 6.8148 | 6.8148 

= 2 week after 

5/III, 9/III 2) 7.0 | 44.5 0 1.1 | 34.0 | 21.4 68314 6.2157 6.1720 
10/III VD, administration discontinued 
After discontinuance 


$2 15/2) G4 | 93 | 25 11.5) 13.1 | 42.6 7.0776 6.4889 6.0776 


B-lactose known to have the effect of assisting proliferation of bifidi to 4 dystro- 
phic and 5 dystrophic-rachitic sucklings and to compare the increase of bifidi, 
the pH values and the change in the absolute number of viable bacteria in their 
feces. 

Bonyuto, a mixture of dextrin, maltose and f-lactose in the ratio of 3:2:5 
manufactured by Wakodo, was added to cow-milk at the rate of 10% so that the 
B-lactose content in the milk came up to 5% and fed the subjects with it for 
14 consecutive days. Their feces were tested 2—3 times before in the Ist and 
2nd week during and after the end of the administration. 

i) Fecal pH (Fig. 174): The change in pH values following the addition 
of B-lactose showed no definite tendency, and no difference was observable in 
this respect between the dystrophic and the dystrophic-rachitic cases. 

ii) Increase of B. bifidus (Fig. 175): By the addition of f-lactose to their 
feed, B. bifidus were observed to increase in the feces of all cases, but in the 
dystrophic-rachitic cases the bifidi attained majority later than in mere dystro- 
phic cases. The average percentage of emergence of bifidi two weeks after 
the first addition of £-lactose was only 13.0°%% in dystrophic rachitic children 
while it rose to 49.3% in mere dystrophic cases. The percentage fell below 
the majority earlier in the former following the discontinuance of f-lactose 
administration, while in one case of the dystrophic rachitic sucklings, B. bifidus 
were detected in not one of the 7 tests of his feces in different stages. 
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f-Lactose addition 
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Fig." 174. Effect of 5% addition of -lactose on fecal pH. (Results with 


dystrophic and dystrophic-rachitic cow-milk fed sucklings compared.) 


ili) Decrease of E. coli (Fig. 176): Though the tendency to decrease was 


also discernible in dystrophic-rachitic cases, it was less marked than in mere 
dystrophic children. 


DIscussION 


The high value of fecal pH value in comparison with control of rachitic 
sucklings either mother milk or cow milk-fed, and its deminution upon VD». 
administration, seem to indicate that in VD, deficient children, the quantity 
of Ca excreted in feces increases, so that an administration of VD, tends to 
dminish this excretion of Ca. 

Albright et al. (1939) also recognised this increase of the excretion of Ca 
and P in feces in the case of rickets and remarked that this is in all probability 
due to the poor absorption of Ca by the intestine and that VD, has the power 
to strengthen this absorption. McCollum® says that the mechanism of the 
increase of Ca in feces consists in the three steps as follows: First, a part of the 
increase is the direct result of the decreased Ca absorption in the intestines ; 
second, the increase of secretion of digestive juice in the stomach and the intes- 
tines; third, the decrease of the secondary resorption of such secretion. Fu- 
kami also reports that the excretion into the feces of Ca in VD, deficient white 
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Fig. 175. Increase of bifidi during 5°, B-lactose addition. (Results with 

dystrophic and dystrophic-rachitic cow-milk fed sucklings compared.) 
mice shows an increase over that before the mice became VD, deficient and that 
of normal mice, and that by VD, administration, this increased excretion can 
be made to decrease. Redman et al. (1929)*2) also reports that the pH values 
of the fecal and the colic contents are reduced by VD, administration, By 
citing the opinion of Robinson (1923) on the existence of phosphatase that 
isolates phosphate ions by dissociation of phosphate esters and causes precipi- 
ation of calcium phosphatate in the mucous membrane of the small intestine, 
he argues, in his attempt to explain the mechanism of improved Ca absorption 
through the intestinal canal following VD. administration the contents of the 
coecum and the large intestine turn acid, by administration of VD, the pH 
value comes far of the optimimum value (8.4—9.4) for the phosphatase that is 
presumably existing also therein, so that the activity of the phosphatase becomes 
lowered, causing diminution of the precipitation of calcium phosphate and 
consequent accentuation of Ca,. 

There are many observations concerning the factors determining the pH 
value of feces made by Eitel (1910),?% Tisdall (1924),2 Baumann (1934), 
Olsen (1949),?6) etc., and it has been pointed out that there is no single factor 
that determines the pH value by itself, but several factors contribute to the 
determination of the pH value in conjunction. Baumann says that Ca and 
P are important factors, and Olsen says that in the feces of cow-milk fed sucklings 
there is a buffer action between pH 5 and 4.5, calcium palmitate showing such 
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Fig. 176. Decrease of E. coli during 5% f-lactose addition. (Results 





with dystrophic and dystrophic-rachitic cow-milk fed suckling compared.) 


an action strongly at pH 6.0—5.0, calcium stearate at pH 4.8 and calcium phos- 
phate at pH 4.5, so that the buffer action in the feces of cow-milk fed sucklings 
is the sum total of the buffer actions of these Ca-calts. Then he proceeds to 
compare the feces composition of mother-milk and cow-milk fed sucklings and 
obtains the results, showing that though strict parallelism is not observed, Ca 
content is higher in feces of high pH values. 

In summary, we may easily infer that Ca is not indeed the sole but a powerful 
factor in the determination of fecal pH, and that the latter is influenced by the 
change in the excretion of Ca in feces. 

It seems to be due to the increase in Ca excretion in feces in rachitic cases 
that B. bifidus in unit weight of feces in mother-milk fed rachitic sucklings is 
of smaller count than in normal ones and that the detection and emergence of 
bifidi in the feces of dystrophic-rachitic sucklings are smaller in rate than in 
that of merely dystrophic children. The injuriousness of Ca to bifidi has been 
pointed out by Schénfeld?”) already and Adams has observed that such a high 
dilution as of 0.05% of calcium oleinate is toxic to B. bifidus. The high pH 
value of the feces of rachitic sucklings due to increase of Ca excretion may also 
act injurious to bifidi. 


Tomarelli e¢ al. (1949-50)°9') reported that saturated fatty acids of com- 
bined short chains strongly inhibit the growth of bifidi. Barbero et al. (1952)3» 
reported that bifidi were prolific in the bacterial feces of sucklings fed with a 
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modified S.M.A. in which the content of such fatty acids was reduced, while 
Holt et al. (1919)® and Wako reported that the excretion of fat in feces increased 
in rachitic over normal children, so that the deduction is not excluded that the 
decrease of B. bifidi in feces of rachitic children is also due to the environments 
made unfavorable to the growth of B. bifidus by the overexcreted fat in feces. 

The increase of B. bifidus following the administration of VD, is in all 
probability due to the decreased Ca excretion and to the fall of pH value of 
feces. The smallness and the absence of increase of bifidi in cow-milk fed 
dystrophic rachitic cases following the VD. administration seems to indicate 
that the bifid-injurious factors presumed to exist in the intestine of rachitic 
children are not entirely eliminated by VD, and that it is extremely difficult 
to demonstrate an increase of bifidi, if these have been previously exterminated 
or reduced to too low a number. 

We have observed proliferation of bifidi in cow-milk fed dystrophic sucklings 
by addition of f-lactose to their feed, but with dystrophic-rachitic cases, the 
emergence of bifidi was either very poor or utterly negative. This is probably 
due to the cancellation of the favorable effect of B-lactose as a source of nutrition 
to bifidi by the injurious effect of the increased Ca in the feces of rachitic children. 

Kline (1939)! attributed the antirachitic effect of lactose to the acidifi- 
cation of the intestinal canal and the improved absorption of Ca. Yamamoto," 
in his report on the experiments with mice, states that lactose, upon addition 
of 25% of it to modified Steinbock’s feed, manifests antirachitic action and 
causes lowering of pH of the contents of caecum and large intestine, but only 
in a moderate degree. While by addition to the concentration of 35%, the 
antirachitic effect becomes frankly observable and the pH value of the intestinal 
content is lowered perceptibly, approximately that of the feces of mother-milk 
fed normal children. 

Thus, it seems necessary to use lactose in a quantity sufficient for inducing 
adequate reduction of pH value of intestinal contents, if we expect to see its 
antirachitic effect manifested, and this adequate dose is considerably large. 

According to the results of the author’s experiments, the increase of fecal 
bifidi was slight and the reduction of pH value of feces was not assured by 
addition of f-lactose to the feed of cow-milk fed sucklings. If reduction of pH 
value by proliferation of B. bifidus is required, a still larger quantity of f-lactose 
would have to be used, but such a large dose of lactose is deemed inappropriate 
in feeding sucklings at present, so that the problem of using lactose for causing 
changes in the intestinal flora and thus effecting prophylaxis and cure of rickets 
remains to be solved by future researches. 


SUMMARY 


Upon comparative study of pH values of feces and intestinal flora and 
their changes following intramuscular injection and oral administration of VD. 
and administration of f-lactose in malnourished children fed with cow-milk 
only and rachitic children in a state of malnutrition, I arrived at the following 
conclusions. 











lt 
~d 


o 
1g 


its 


al 





Studies on the Intestinal Flora in Rachitic Sucklings 377 


1. The pH value of feces was higher in the rachitic group. The rate of 
detection and frequency of B. bifidus among the anaerobics was markedly lower 
in the rachitic children. There was no significant difference in the frequency 
of L. acidophilus, E. coli and Enterococcus in both groups, but anaerobic 
bacteria of their kinds than the above mentioned were found in greater variety 
and frequency in the rachitic children than in the mere undernourished children, 
indicating a higher complexity of bacterial flora in the intestines of rachitic 
cases. The viable counts of total bacteria, of intestinal Enterococcus and E, 
coli showed no significant difference. 

2. Following intramuscular injection of VD., the pH values of feces were 
found lowred in both groups, while a tendency to increase in the percentage 
of B. bifidus and to decrease in the percentage of E. coli was apparent in the 
mere malnutritious group and in the rachitic group. No B. bifidus were de- 
tected in any of the three cases following intramuscular injection of VD». and 
no tendency to decrease of E. coli was observed. 

3. Lowering of pH of feces, increase of B. bifidus and decrease of E. coli 
were observed in both groups following per os administration of VDe, but in 
the rachitic group, the increase of B. bifidus was slight and the decrease of E. 
coli was not marked. 

4. By addition of f lactose to the feed, the percentage of B. bifidus increased 
and the E. coli decreased in the merely undernourished group, while in the 
rachitic 
and the decrease of E. coli not conspicuous. In one case of the latter group, 


group of undernourished children, the increase of B. bifidus was slight 


in fact, I could not once detect a bifidus throughout the period of observation. 
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Mass Treatment of Rickets 


INTRODUCTION 


The author was granted the opporutnity of studying the effect of different 
modes of administering chiefly V. D. preparations with sucklings and small 
infants in Tohoku District, 1952. The results are summarized in the following. 


Experimental Method 


The V. D, preparations used had been offered by Nippon Eizai and Fuji- 
sawa Seizai Works for the experiments. The vitamin for oral use was in the 
form of oily liquid in part, but in the majority of the cases, was in aqueous cal- 
ciferrol solution, containing about 1,500—3,000 I. U. per drop. A daily dosis 
ranged from 5,000 to 15,000 I. U. and the total amount given in one course of 
daily administrations was from 500,000 to 1,000,000 I. U. For intramuscular 
njection, one doses of 600,000—1,000,000 units each to 16 cases and one injection 
of 600,000 units each plus continued oral administration to 17 cases. 57 cases 
were treated only with daily oral doses for a period. These subjects, 124 in 
total, were examined for the progress of rickets in them, chiefly by means of 
roentgenograms of the distal ends of the radial and the ulnar bones, for evalu- 
ation of the results. 


Results 


The results are summarized in Table 247. 

1) In the group of 57 cases treated with small daily doses per os, the per- 
centage of completely healed cases amounted to 68.5%, of the alleviated cases 
to 17.5% and of the changeless or aggravated cases to 14.1%, the last cases 
being particularly prevalent in those treated between October and the next 
May, including the winter season. 

2) In the group of 34 subjects injected with single doses of 400,000 I. U., 
the figures stood at 61.8% of completely cured, at 32.4% of alleviated and 5.9% 
showed no change. Not one case showed aggravation of the disease. 

3) In the group of cases treated with single injection of 600,000—1 ,000,000 
I. U., 16 in total, the percentage of the totally healed was 37.5%, of the alleviated, 
43.7%, and of the unimproved and the aggravated 19.1%. 

4) When a single intramuscular injection of 600,000 I. U. of V. D, was 
followed by a continued oral administration of the same, 94.1% of the 17 cases 
recovered completely, while the remaining 5.9% showed alleviation, not one 
case showing unchanged or aggravated conditions. 


Sukeo Ito, M.D. (Department of Pediatrics, Tohoku University Medical School, Sendai‘ 
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Tasie 247. Effects of V.D. Administration 





po necomal Per os continued One injection of 400,000 I. U. 
Prefecture Miyagi Aomori Miyagi eeane . | 
Jul- Oct, 52. May- Total | Jul- Sept- Oct, ’52- Total 
Time Oct, Nov, Nov, Dec, 
1952 Nov, 53 1953 1952 1952 May, °53 
No. of Cases 35 11 11 57 13 14 a 34 
Cured i 7142 “45 545 63.5 847 50.0 423 | 618 
Alleviated ~ ” | 998 0 0/175 | 14 | soo | 26 | 324 
Changeless ~ 0 73 273 as ; | ° 08.6 | 53 
Aggravated re ; 29 132 | 182 53 0 0 i= 


SUMMARY AND Discussion 


In comparing the above results, we find that the result was the best in the 
group given one injection of large doses followed by continued oral application 
of small daily doses, 94.1°%% being cured, followed by that in the group given 
a single doses of 400,000 unit in injection. ‘The cases treated by continued oral 
administration of small daily doses only and those given single injection of high 
units both showed indifferent results, indicating that further study is called for 
on such modes of application of V.Ds. to rickets. 

If these results are collated with those of the investigation on the spon- 
taneous healing of rickets given in the preceding of healing, complete or partial, 
was 73.8% when left untreated, for spontaneous recovery, while in the cases 
treated by V. D. it ranged between 81.2% and 100%, according to the methods 
of administration, and the unchanged and the aggravated cases accounted for 
26.1% in the former and between 18.8% and 0% in the latter groups, as de- 
tailed in Table 248. 

Some years age, Reed ef al. have given some interesting suggestions on the 
pathology or and phartnacology concerning rickets in their reports on the endo- 
crinotropic action of V.D purporting that V.D acts versus the parathyroid 
glands via the thyroidotropic effect of the pituitary gland, and more recently 
Sasaki (1954) reported on the efficacy of parotin (a salivary gland hormone) 
on rickets. The unexpectedly poor result shown by the experiment of injecting 
one large shock doses and the good result obtained only if such a shock treatment 
was followed by continued per os administration of small doses makes us think 
twice over the desirability of countering the anti-V. D reaction of the vital 
body against a large doses by following up such a large shock doses with small 
but repeated doses in treating rickets, whether we adopt the explanation by 
Albright (1941), Erges Erdheim (1949) and many others who claim that the 
abrupt rise in the serum calcium content following administration of large doses 
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One injection of One injection of 600,000 I. U. followed 
large doses by continual per os administration 
Aomori | Aomori | Miyagi 
a a = | : aoiiaed 
— | —" Total May-Nov, Sept, °53- Total 
on | 1953 Feb, °54 | | 
600,000 I.U. | 1,000,000 I.U. | 
il 5 16 3 14 | 17 | 124 
4 2 6 3 Be. 4 16 82 
36.4 40.0 37.5 100.0 93.0 | 94.1 66.1 
6 l = 0 1 | 1 | 29 
54.5 20.0 43.7 | 0 - 5.9 | 23.4 
0 l bi 0 0 | 0 | 8 
0 20.0 6.3 0 0 0 | 6.5 
l 1 2 0 0 0 5 
9.1 20.0 12.5 0 Oo | 0 4.0 











Tae_e 248. Comparison of Spontaneous Recovery and Cure by 
V. D, Treatment 











Spontancous pe sypengrey —s" '600-1,000,000 injection a 
bes nen 
No. of Cases 111 57 34 | 16 17 

ane oy 27.0 68.5 618 | 375 4. 
Alleviated “. 68 | 175 52.4 | 437 | 59 
Unchanged “4 189 as 59 | 6s 4 
Aggravated oy 12 53 | 0 | 125 | 0 








of V. D induces anomaly in the endocrine functics of {the pituitary-parathyroid 
gland system, which in turn acts antagonistically in reducing the effect of V. D, 
or that by Lawrie (1941) and Jessler (1951) who asseverated the existence of 
a reaction in a living body that tends to reduce the activity of V. D. 


CONCLUSION 


V. De. was administered under different methods to 124 cases and the re- 
sults were studied in comparison. The cases given V. Dz in one single injection 
of large doses followed by daily oral administration of small doses showed the 
best results, 94.1°% of them being cured completely and the remaining 5.9% 
partially, without a case remaining unimproved or aggravated. ‘The results 
of giving single injection of large doses, of injecting one doses of 400,000 I. U. 
and of merely administering small daily doses in continuance were all rather 
unsatisfactory. 
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Spontaneous Healing of Rickets 


INTRODUCTION 


The author has had the experience of making observations on progresses 
of spontaneous healing, and the effect of prophylaxis and theraphy, while con- 
ducting mass examinations and instructions on infants care in ‘Tohoku District 
since 1952. The data are compiled and reported hereunder, with some com- 
ments. 


Standard for Evaluating Rickets 


For diagnosing the existence and the severity of rickets, roentgenograms 
of the wrist joint were used, beside the findings of the usual ocular examination 
and palpation. In consideration of the fact that beside the proliferation of 
osseous tissue at the epiphyses and the disturbed ossification at the ossification 
lines, a subperiosteal dysosteogenesis and imperfect formation of osseous matter 
come forth in the diaphyses, the result of roentgenographic examinations were 
graded as in the following, chiefly relying on the degree of impaired ossification 
at the ossification lines and taking also the advance in the accumulation of 
osseous matter into account: 

(—): Epiphyseal lines smooth and ossification Zone normal. 

(+): Epiphyseal lines not perceptibly changed but lacking in smootheness 
and the ossification lines irregular, either distended or slightly depressed in 
cup-form. 

(+): The epiphyses perceptibly depressed in cup-form but not to a high 
degree. 

(4+): The ends of both the radial and the ulnar bones obviously depressed, 
circumferentially distended and figures of striation apparent. 

(4+): The ends of the radial and the ulnar bones highly distended cir- 
cumferentially and striation and cup-like depression apparent. 

(##) : The bone-ends markedly striated widely and deeply, circumperential- 
ly distended and the cup-like depression very marked. 

The standard of evaluation is illustrated as follows ; 

1. Normal (—): Epiphyseal lines smooth, ossification zone normal. 

2. Rachitic (+): Epiphyseal lines uneven, ossification zone irregular. 

3. Ditto (+): Epiphyseal lines irregular, cup-form figure. 

4, Ditto (+): Radial and ulnar bone ends depressed in cupform, ossification 
zone distended, circumference enlarged. 

Ditto (4+): Bones extremely poor in substance, circumference makedly 


ww 
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distended, ends of radial and ulnar bones markedly cup-formed, stri- 
ation conspicuous. 


Spontaneous Healing of Rickets 
Introduction 


That rickets is subject to spontaneous healing may be inferred from the 
decrease of its frequency as the monthly age advances, but I have heard of no 
report of the result of a patient of rickets left untreated and the progress of the 
disease observed for a period. So, it must be conceded that in the past records, 
only the effect of prophylactic or therapentic measures have been emphasised, 
throwing the effect of the self-healing tendency of the malady into the shade. 
The present study is aimed at elucidating how the natural mechanism of the 
disease contributes to healing in itself, and taking it into due consideration, how 
we may proceed in improving the conditions regarding the factors affecting the 
morbidity to rickets, and in enhancing the efficacy of our measures in preventing 
and treating rickets when applying medical therapies. 


Method of Investigation 


My investigations were undertaken in the main at Hashigami-mura, San- 
nohe-gun, Aomori-Prefecture, a community known for its high frequency of 
rickets and in a part of Miyagi-Prefecture. Rickets cases were selected by 
detailed examination, then without giving instructions on sun-light bathing or 
vitamin D. administration that might effect medical cure of rickets, were left 
in the original conditions for a fixed period, and reexamined therafter to record 
the interim progress of the disease. 


Results 


1) On July 9, 1952, 30 cases of severe and 28 cases of mild rickets, 58 in 
total were seiected, at Hashigami-mura. When these were reexamined on 
October 7, as shown in Table 249, 19.0°%, were found completely healed, 62.0%, 
alleviated, and the remaining 19.0% either remaining unchanged or aggravated 
in their seriousness of rickets. ‘This result may be taken to show the tendency 
of spontaneous healing in summer. 

2) When a part of the above reexamined cases were Icft untreated for 
another period and examined for the third time on 28 November, none of the 
5 cases shwed complete recovery, 2 were alleviated and 3 remained in unchanged 
conditions. The above may be taken to indicate the self-healing propensity 
or rickets in late autumn. 

3) 16 rachitic cases were picked up at Rifu-mura, Miyagi-Prefecture in 
April 1952, to be left untreated till December 12, when they were reexamined 
and the results shown in Table 250 were obtained. 25% of them were found 
completely healed, 43.7°% became better, 12.5°%, unchanged and 18.7% worsened 
in their illness. Thus 68.7°%, the sum of the first two groups, showed inherent 
tendency of recovery. 
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(July 9-Oct. 7, 1952 at Hashigami- 
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250. Spontaneous Healing of Rickets by Various Period of the year 
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TaBLE 252. Spontaneous Healing by Grades of Rickets 4) The results of re- 
examination of 32 cases at 
Hashigami-mura_ who _ had 
been left untreated from July 
1952 over the next winter to 























Ss 
sieniied May 1953 were as shown in 
Tables 250 and 251. 
Light 5) When the cases above 
are Classified by the grade of 
Total their original malady, as 








shown in Table 252, we find 
that among the 39 cases of 
heavy rickets (++ and), 5.1% showed complete recovery, 69.3% alleviation, 
and 25.7% no change or aggravation, while among the mildly rachitic 72 
cases (+ and +), the percentages were 38.9%, 34.8% and 26.4% respectively. 








SUMMARY AND DIscussION 


In summary, we may say that the frequency of spontaneous recovery, 
complete or partial, amounted to 81% in spring and summer, and in a whole 
year, taking the results of over-winter experiments into account, to 68.7%, and 
the percentage of the cases remaining unchanged or aggravating when left un- 
treated stood at around 25% regardless of the original grade of malady. This 
fact should be taken into consideration when prevention and treatment of rickets 
is projected, and I believe, measures for mass prevention and treatment most 
adapted to the locality concerned should be scheduled with due reference to 
this fact as well as the factors affecting the frequency of rickets. 


CONCLUSION 


The tendency to spontaneous healing of rickets in Tohoku District is felt 
more strongly in spring and summer, 81%, of the total cases showing complete 
or partial healing. Maintenance of similar conditions or aggravation is particu- 
larly marked in late fall, but the percentage of such cases remains at the level 
of 25% generally, which level is not subject to change according to the original 
grade of the disease. 
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Mass Prevention of Rickets 


INTRODUCTION 


The present author has reported in his previous paper that upon investi- 
gations on the various factors affecting the prevalense of rickets in Tohoku 
District, it was found that here rickets induced by distrophy is particularly 
frequent, and that the frequency of rickets is high in babies below 6 months, 
and particularly in those born in autumn and winter, and in the above, about 
the inherent tendency of spontaneous recovery of rickets. Therefore, acting 
upon the assumption that for prophylaxis and successful treatment of rickets, 
it is imperative not only to effect improvement in the conditions regarding the 
various factors affecting the progress of the malady, but also to encourage and 
expedite the mechanism of spontaneous healing of rickets, some experiments 
were made in mass prevention of the disease, of which the results will be summa- 
rized in the following. 


Method 


The village Fujio-mura selected as the scene of my experiments is an all- 
out farming community of about 5,000 inhabitants, located in the southern 
part of Miyagi Prefecture. A mass examination of babies in the village held 
in May 1952 revealed that of 63 children below one year of age, 19 (30.2%) 
had rickets, including 2 cases (3.2%) of severe patients. 9 of the babies (14.3%) 
of the total were well-fed, 26 (40.1%) being positively undernourished. All 
the sucklings born in January 1953 or thereafter were taken as the subjects 
of my experiments, which were continued down to the mass examination of 
Febraury 23, 1954. The results obtained were summarized as follows. 

1) First prevention course: On April 13, 1953, 16 of the 38 babies born 
since the month of January of the year attending the examination were ad- 
ministered 200,000 units each of V.D, intramuscularly, and were advised as 
to infants care. On July 18 of the same year, 18 babies born in April and there- 
after and 9 who had failed to attend the April examination were similarly treated. 

2) Autumn course ; On October 27, 80 of the 96 qualified attending the 
examination were given similar injection and instruction. 

3) Winter course; On January 7, 1954, 88 attendants among the 107 
of the babies born since January were injected with 200,000 units each of V. D,. 

4) Evaluation of results; On February 23, 71 who attended the exami- 
nation were subjected to minute examination including X-ray photographing 
to evaluate the results. 
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Results 


As shown in Table 253, the cases of rickets, including suspected ones, fell 
from 19 (30.2%) in the former year to 8 (11%) in 1953. In particular, the cases 
obviously rachitic in roentgenographic examination (+ or +) diminished to 
only 2 from 12 (2.8% ~19.1%), not one case of + appearing in the latter year. 
The rate of cases eutrophic above the standard according to Saito’s body 
weight of Japanese children by monthly age rose markedly from 12.7% in the 
preceding year to 45.7%. 


TasBie 253. Results of Mass Prevention in Rickets 


Control | Subjects 


Infants, 0 ~ 12m. 








































































































Control Subjects Yr. 1952\7¥%a, 1954 
| ¢ Treated 63 cases | Tl cases 
| \ 13) Ay 7952|727%. 175¥ 
| £ °. No % 
| oS o " ry 
| cases Yo | cases So ¥ol 
| [wt 2 az] o| 0 

. (tl vo] +59 [| 2/[ 28 
= tel 2 | ees 6} 85 
v 
|= =[as| ore [exiea7) 7 | | 
tt / ina Tiss? va | 
‘el 8 | 735 | 23 | 328 
S9|t[ 36 | 507 [225.4] |, 
Tle] 26] 36.6 | 1b] 22.7 
b ~ 
27/8) 7/ 70 aoe 
re) eS 











Rickets 
Nutritional states 


SUMMARY AND Discussion 


The prophylactic measures against rickets appearing in the past literature 
have been of relatively sifmple nature, such as irradiation with ultra-violet ray, 
processing of milk and administration of V.D. The British Food and Nutrition 
Committee has announed 500-700 I. U. daily for children under 5 years of 
age and 1,400 I. U. daily for two years against babies of premature birth as 
the minimum required dosis of V. D. for rickets prevention, while Carl Zelson 
(1940) asserted the amount of 1,000 I. U. daily required for normal and 6,000 
I. U. daily for prematurely born babies, but Windorfer (1938) raises the doses 
to 6,000 I.U. daily in average, reporting that a shock administration of a large 
doses of V. D. is more efficacious than a continous treatment with small daily 
doses, as the results of tests with premature births and twins. Heisler and 
Hartenstein (1940) indicated that V. Dg. is superior to V. Dg. for the purpose, 
6 mg of V. Ds. (about 200,000 units) being sufficient in order to prevent rickets 
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for the coming 5 months, while Windorfer and Harnapp persisted in the opinion 
of 15mg (600,000 units) of V. D2 being requisite, but Uflacker et al. (1953) 
report that after the Second War, it became impossible to prevent rickets com- 
pletely by administration of 16 mg each thrice a year, as was done before the 
War. There has been no detailed report in Japan to date on mass prevention 
of rickets. 

The present author, as in the preceding report, taking into account the 
prevalence of dystrophic rickets in Tohoku District as pointed out by Prof. Sano, 
the high frequency of rickets among the sucklings between 2 ;—-6 months of age, 
the strong tendency of spontaneous healing of the disease in spring and summer 
and the frequent occurrence or aggravation of rickets in fall and winter as well 
as the close effect of the rearing methods of the babies on the illness, has applied 
administration of V.D. and instruction, on nursery matters in combination, 
giving 200,000 units each of V. De. intramuscularly at an early stage after birth 
and instructions aimed at encouraging spontaneous recovery in spring and 
Summer, and applying similar injections of V. Dg. in the October and January 
examinations. Now, I feel justified in having thus achieved in general the 
projected results in my efforts for prophylaxis and prevention of aggravation of 
rickets. 


CONCLUSION 


My experiments in mass prevention of rickets undertaken with babies 
below one year of age undertaken at Fujio-village, Miyagi-Prefecture, were chiefly 
aimed at promoting and expediting spontaneous relief from the disease by ap- 
plying instructions on child rearing and V. D, administration at the same time. 
Regarding rickets, the frequericy of (+) and (#) cases of 19.1% in the pre- 
experimental year fell to 2.8, and in the conditions of nutrition, percentage of 
well-fed children rose greatly from 1.27% in the preceding year to 45.7%. I 
am sure, therefore, these experiments have been quite fruitful in results. 
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Studies on Anti-rachitic Ultraviolet Rays 


INTRODUCTION 


The author of this paper has devised a new method for measuring the 
quantity of anti-rachitic ultraviolet rays which measurements were made of 
the quantity of such rays in sunlight and the transparency of various manufac- 
tures to them. Experiments were also made on the prevention and treatment 
of rickets with the rays. The results obtained are reported in the present paper. 


The Tohoku University Pediatrics Laboratory Method 
for Measuring Anti-rachitic Ultraviolet Rays 


The ultraviolet rays with the wave-lengths less than 3,300 A are called 
Dorno-rays which have strong physiological effects. The antirachitically effec- 
tive part is said to lie between 2,400 and 3,000 A according to Ethel M. Luce 
(1920)?) and above 2,800 A, according to Lewis and Rivkin (1930).2) Hess 
and Weinstock (1923)%) state that the rays of 3,020 A in wave-length are most 
effective but those of 3,240 A have little or no anti-rachitic effect, while Shipley 
asserts that the effect is strongest at the wave-lengths around 2,100 A. Hill 
(1927) says that the effect vanishes at 3,200-2,900 A, but Hess, Unger and 
Pappenheim (1922)® raises this limit to 3,340 A, showing discrepancies in the 
opinions of different investigators. If the highest effective wave-length is set 
at 3,200 A, the band of the antirachitic rays in solar spectrum must be limited 
to a very short range. 

The measurement of the quantity of ultraviolet rays (referred to as UR 
hereunder) is effected by comparing singly or in combination the intensities 
of their chemical, photographic, fluorescent, phosphorescent, photoelectric or 
thermal effects which increase or decrease according to the intensity of the rays. 
Of these effects, the chemical is the one most widely utilized and the acetone- 
methylene blue method by Webster, Hill and Eidinow (1927)?) is the best known 
of such methods. This method is deemed to be applicable to wide ranges of 
wave-lengths of 3,132 A-3,342 A (3,00-3,450 A according to some estimations), 
but it has low sensitiveness, usually requiring an irradiation of some half an 
hour per test and thus is ill adapted to following up rapid changes such as are 
manifested by the UR in sunlight. Carbon tetrachloride is photolysed only 
by rays under 2,650 A in wave-length so that methods using this compound 
are not available for measuring light-waves in sunlight near the earth surface. 
The mixture of uranium acetate and oxalic acid solutions proposed by Moss 
and Knapp (1925)®) is apt to react photochemically even to visible rays and 
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the mixture of uranium sulfate and oxalic acid solutions advocated by Anderson 
and Robinson (1925)%) is too much influenced in its photochemical reaction by 
its pH value and also the scope of its reacting wave-lengths is too wide and ill- 
definable. Molibdenum salts react to rays under 3,950 A. The chemical 
methods using any of the above reagents have slow sensitiveness and have the 
defect that it requires from a few to scores of minutes of continuous irradiation 
to accomplish the reaction. ‘The method of using colorless bases of organic 
pigments perfected by Y. Miyake (1943)! has the merit of high sensitiveness, 
but it is technically difficult to make precise measurement under a short ex- 
posure of only a few seconds by this method, on account of the structure of the 
apparatus. This method is applicable when the rays are under 3,450 A. Thus, 
the chemical methods cited above are all limited in their applicability due to 
their low sensitiveness or their too wide or too undefinable scope of the reacting 
wavelength. They are also unadapted to the necessity of precisely limiting the 
time of exposure or in some cases the mechnism of their photochemical reaction 
is hardly ascertainable. These defects exclude them from use in measuring 
the anti-rachitic UR in sunlight. The methods of utilizing the phosphorescent, 
the fluorescent and the thermal reactions have not yet attained the stadium of 
practical use. The method of employing photoelectric cells is too much subject 
to the influence of the characteristics of the used cells themselves and of the 
galvanometer, and the method of using chromium photoelectric cells devised 
by Akabane and Hanaoka (1941)!2) is good only for rays above 4,000 A, so that 
these methods are also useless for making measurements of antirachitic UR. 
The points of maximum transparency of UG, glass and CagOx glass used in 
Hésing’s method (1952)! stand at 3,500 A and 3,200 A respectively, but they 
admit rays of 3,600 A and even longer through them, so that the scope of wave 
lengths is too wide. Of the methods utilizing the photographic effect of the 
UR, the spectrographic method is capable of measuring the intensity distribution 
of UR with utmost precision over the whole range of their wavelength, but it 
requires high-priced apparatus, is not adapted for field measurements and the 
analysis and interpretation of the data obtained by this method is also a rather 
complicated and difficult matter, so that its use in routine works is almost im- 
possible. Thus, we may say that the methods for measuring the quantity of 
UR in sunlight now in common use are with some demerits and are unadapted 
to the measurement of anti-rachitic UR with precision in a strictly limited 
range of wavelengths. In consideration of such defects of the current methods, 
the author tried to devise a method free of such defects and yet requires only 
simple operation and easily portable apparatus, and recently has at last succ- 
ceeded in realizing his ideal, as described hereunder. 

A. The Tohoku University Pediatrics Laboratory Method 

When the curve of transparency of a silver film deposited on a crystal plate 
by distillation in vacuum (a filter plate devised by Dr. Nawata of the Research 
Institute for Scientific Measurement, Tohoku University, which I propose to 
name Nawamoto or NWM plate) is plotted from an absorption spectrogram, 
using a Hilger-Spekker photometer and a crystal spectroscope camera (Fig. 177), 
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the point of maximum transparency, 12.5%, is situated at 3,200 A, and the curve 
covers the range between 3,020 A at the minimum and 3,350 A at the mximum 
wavelength, the range between the half-values being about 90 A in width. 
This is a result most hopeful for obtaining UR of a range very coextensive with 
the anti-rachitic rays in sunlight, excepting the cumbersome spectrographic 
method. Mounting this filterplate in the place of the lens of a common photo- 
graphic camera and making an exposure of positive film to sunlight, we get, 
through a predetermined process of development, a film of a blackness corre- 
sponding to the quantity of the filtered UR. To eliminate errors due to dif- 
ferences in the conditions of developing process, we preserved our films exposed 
for a month to develop them in one batch, and to eliminate errors due to the 
make of the films, we used sheets of films cut from one long reel. To use as 
a standard to correct the blackness of the exposed films, a portion of each reel 
was exposed to a standard light of a constant stream of iron sparks for 14 minuts 
at 20 cm distance to obtain a standard of blackness. 
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line of total darkness to point zero or the point of unexposed film, then the 
density at point B is given by log a/b, which might be used to express the 
quantity of the anti-rachitic UR (URD) in sunlight (Fig. 178). This method 
is very sensitive and can give very precise results, as it is based on the messure- 
ment of the density of exposed films. 

The relation between the results of measurements as expressed in the 
terms of photographic density above (URD) and the actual intensity of the 
UR is given in Fig. 179. Utilizing this table, we can compare the intensities 
of different quantities of UR measured by this method. 

B. Results of Actual Measurement of Ultraviolet Rays of Anti-rachitic 
Effect as Measured by this Method 

As exemplified in Figs. 4 and 5, our experiments showed that, on a fair 
day in mid-January, the measured value was 0 at 7.30 a.m., but rose rapidly 
through 9 and 10 o’clock, till it reached the maximum of 0.632 at noon, gradually 
redecreasing thereafter, under 1/25 sec. exposure. The results are in good agree- 
ment with the general illumination read on a Seconic Lg. On a cloudy when 
the illumination was even lower (7,000) than that at 7.30 a.m. of a fair day 
(22,000 lux) when the URD was O, prolonged exposures of 5 sec. each gave 
the curve shown in the table, with the maximum value of 0.339 recorded at 
11 a.m. Thus, with this method, it is possible to make measurements over 
a wide range under conditions that would exclude all the other methods as 
useless, merely by adjusting the length of exposure to the prevailing conditions. 
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C. Comparison of Results of Measurements Made with this and Other 
Methods 

The results obtained with this method of ours and the aceton—methylene- 
blue method are given in collation in Tab. 254. The results were obtained under 
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Taste 254. The Comparison of the Results Obtained by the TUR 
Method and by the Aceton-Methylenblue Method 





Hour oy I-39 9-11 11-13 13-15 | 15-17 
a Se. 2 
quantity of UR.| 0 0 iS 2.0 1.0 0 
TUP Hour 7 8 S | 6 | WW} 2 1 Is | 2 1. 15 | 1 6s 
method tal 


quantity of UR. 0 | 0.014 0.262) 0.429 0.535 0.646) 0.528 0.396 0.01 | 0.038, 0 


a most favorable weather condition in mid-January. According to Tanaka 
(1933), the results obtained with aceton—methylene-blue method show the 
value of 0 before 9 a. m. and after 3 p. m., but as shown in the table, our method 
makes it possible to measure small quantities of UR to three decima points, 
so that the change in the quantity can be precisely observed from minute. The 
values shown by aceton—methylene-blue expresses the quantity of the UR 
according to the Hill’s method, while our method shows the results in the terms 
of UR quantity as expressed by the density of the exposed film. 

The comparison of the results 
obtained by the TUP method and 
by the method of colorless organic 
pigment reagents (UR meter) is illu- 
strated in Tab. 255. With such UR 


Taste 255. The Comparison of the 
Results Obtained by the TUP method 
and by the Method of Colorless Organic 
Pigmentreagents (UR meter) 





meter, the degree of colorization Hour | lumination | TUP | UR 
must be estimated by the naked eye, Gap | mated | anethet 
the colorimeter tube must be exposed 5 3200x22 | 0.252 | 0.544 
for several precisely measured seconds 6 3200x22 | 0.103 0.198 
a ieee 4 7 3000x22 | 0.233 0.4 
and it is difficult to make on the 8 200022 | 0.073 | 2.250 
spot the colorimetry, that must be 9 7900x22 | 1458 | 3.376 
. 10 | 10000x22 | = 1.481 4.134 
conducted in a place not exposed to 11 | g000x22 | 1.317 4.134 
UR. Such limitations make it im- 12 | 8000x222 | 1.471 | << 
possible to follow up delicate changes “ | jean bap | ben 
in the intensity of UR with this 17 | 3200x 22 | 0.252 | 0.544 


method, as it easy with ours. 


Results of Actual Measurements of Anti-rachitic UR 
in Sunlight 


The energy of the solar radiation has been studied since the 17th century 
but it was Mellanby (1926)! who had first called our attention to the importance 
of the anti-rachitic factor in it and the existence of an anti-rachitic vitamin, and 
then Huldschinsky (1919)! succeeded for the first time in the treatment of 
rickets with UR from a mercury quartz lamp. Hess, Unger and Pappenheimer 
confirmed the anti-rachitic effect of UR by animal experiments. Since then, 
many investigators have established the fact that deficiency of URwould induced 
rickets, and many attempts have been made to measure the quantity of UR 





396 A. Matsum Sto 


in many localities, but since the aforementioned imperfect methods have been 
only available hitherto, there have been, of course, no such precise measure- 
ments of UR within the limited range of antirachitic efficacy, as is possible with 
our TUP method. The quantity of anti-rachitic UR measured at any place 
in Tohoku Region in Japan has never been reported to date. 

The author has tried to measure the quantity of anti-rachitic UR in sunlight 
in Tohoku District and its changes according to the seasons, the hours, the 
weather conditions, using this TUP method and thus to contribute some data 
available for the prevention and cure of rickets. 

A. Experimental Results 

In using our method, we may prolong the exposure to 2-10 sec. if it is 
cloudy and the illumination is low, but in a fair weather, an exposure of over 
2 seconds will make the measurement impossible even before 6 a. m., runing 
the film by overexposure, and an exposure of 1/25 sec. is of the appropriate 
length on a fair day. The change in illumination by the presence of clouds 
is accompanied by a marked change in the quantity of anti-rachitic UR. Ac- 
cordingly, for a fair comparison of the quantities of such ray under different 
conditions of seasons, hours and localities, the measurements should always 
be made on a fair cloudless day. 

B. Comparison of Results of Measurement Made at Sendai 

a) Changes in different yearly seasons: We see that the intensity o. 
UR is largest in July, followed by June and September. The low values obtained 

in August, 1954, was probably 

due to the continuous wet weather 

prevailing in that month, so that 

the absorption or the dispersion 
Jun. of UR by the haze and moisture 
in the atmosphere was unusually 
high even on the relatively fair 
days on which the measurements 
were made. The lowest values 
were obtained in January and 
the next lowest in December and 
February. The quantity of UR 
at noon in July was 9.5 times as 
large as that at noon in January 
(Figs. 182 and 183). 

b) Changes at different 
daily hours: The quantity of 
oO UR reaches the maximum be- 
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Fig. 182. Seasonal variation of the quantity and 4 p.m. The quantity seems 
of anti-rachitic ultraviolet ray. to be generally larger in the fore- 
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Jul. 


hours in the afternoon. At 8 

p.m. in January, the quantity 400} 
falls to zero. Thus, we may 
conclude that sunbathing is 
effective between a.m. and 3 
p-m., particularly between 9 
a.m. and 2 p.m. 

c) Relation of UR and 
illumination by seasons: Com- 
paring the results obtained in 
January and June, it is found 
that the difference in the quantity 
of UR is for larger than the 
difference in general illumination. 100 

d) Difference of UR by 
hours of same intensity of illu- 
mination: Even if the intensity 
of illumination does not change, 5 6 
the intensity of UR always in- 
creases gradually in the forenoon Fig. 183. Seasonal variation of the quantity 
and reaches the maximum at of anti-rachitic ultraviolet ray. 
noon, decreasing again thereafter. The value of UR intensity at noon is 3.2 
times that at 8 a. m. 

e) Relation between UR values and general illumination at the same 
hour in the same season: When the general illumination is intensified, the 
UR increases in a greater proportion. 

f) Relation between the URD in cloudy or drizzling weather and in fine 
weather: In cloudy weather, the URD greatly decreases, the reduction being 
even more accentuated by light rain. On a cloudy day without rain, the value 
of URD falls to below 1% of fine day. 

C. Comparison of URD in Tohoku District 

a) In Tohoku District, we have found little local difference of URD by 
localities and latitudes. The difference of URD seems to depend only on the 
local meteorological conditions. 

b) Upon comparing the results of measurements of the length and the 
quantity of sunshine recorded by the weather stations in Tohoku District through- 
out the year 1953, we find that, in winter, the duration of insolation in Akita, 
Aomori and Yamagata Prefectures, where rickets are predominant, is short 
and the anti-rachitic rays are apparently small in quantity. 

D. URD under Varied Conditions 

a) Reflection of UR on snow surface: On a snow surface inclined to the 
south, the reflection of UR is 5.4 times as much as that on the bare earth and 
the reflection is considerable even when the snow surface is inclined to the east 
or to the west. Thus, in snowy regions, the reflection from snowed areas should 
be utilized to supplement the low URD in winter. 
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b) Difference in URD in sunlight by direction: The URD is highst in 
direct sunshine and very low in lights coming from other directions, that is, 
from the sky radiation. Sunbathing should be done in direct sunshine. 

c) Difference of URD indoors and outdoors: The URD is strongest 
indoors when glazed windows are open, for little UR come in through glass 
panes. The UR from the horizontal direction, that is, by sky radiation, and 
reflected UR are negligibly small or negative in quantity. 


Transparency of Various Manufactures to Antirachitic UR 


Since it is became known that the UR in sunlight and in the light from 
solar lamps are effective in preventing and curing rickets, many studies have 
been reported on the transparency of various substances to UR, but the methods 
usually practiced in the past have been unadapted to a precise determination 
of the transparency to the UR of different wavelengths that the author aimed 
at, and there have been few measurements of transparency to different wave- 
lengths in the anti-rachitic range. 

The light source used in the past studies was generally a solar lamp rich 
in dark bands or a fluorescent lamp or sunlight with uneven spectra at different 
wavelengths. The author used the electrode sparks of electrolysed iron which 
is most easy of measurement at any given wavelength, as the source of light. A 
Hilger-Spekker photometer and a crystal spectrograph camera were used to 
determine the transparency to lights of different wavelengths. 

A. Experimental Materials and Method 

As materials, glasses, plastics, vinil favrics and papers that constitute a large 
part of our environmental necessities and procurable on the market, were 
used. 

The method was as follows: As the light source sparks of iron were used. 
A piece of the tested material was inserted in a Hilger-Spekker photometer and 
photographed with a crystal spectrograph camera, and the transparency of the 
materials to rays of different wavelengths was calculated from the resultant 
spectrograms. 

B. Results 

Of all varieties of glass, only blue-colored plate glass, 3mm and 1.7 mm 
thick, colorless plate glasses, SB 24, Halio glass and Quartz glass showed trans- 
parency to UR to some extent. Quartz glass showed 100% transparency to 
rays of any wavelengths. The transparency to the rays under 3,200 A de- 
creased in the order of quartz glass, SB 24, blue-colored plate glass, soda glass 
and 3mm thick colorless window glass, the value being especially low with 
common colorless window glass. 

Of textiles, white poplin is opaque to UR and colored poplin, rayon and 
desin are only slightly transparent to UR of the wavelengths, the shorter wave- 
lengths being more penetrating than the longer. While the thicker cloth of 
white silk 19/100 mm thick was slightly transparent to UR of shorter wavelengths 
only, the thinner sample of the same material and quality 8/100 mm in thicknes 
was freely transparent to UR in a wide range of wavelengths. A measurement 
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of the interstices between the fibres of both these samples showed that the in- 
terstices were larger in the thinner fabric. The UR penetrating through a 
cloth seem to contain, besides the rays running right through the fibres, rays 
leaking through the interfibrous interstices and the rays diffracted by the in- 
tercrossing fibres. 

Of various kinds of paper machine-made Hanshi format Japanese paper, 
G-rolled paper, typewriting paper and hand-made Shoji-screen paper proved 
opaque to all UR. High class hand-made Shoji-screen paper admitted only 
a small quantity of UR of 2,750 A wavelength, hand made Mino format Japa- 
nese paper a little quantity of UR below 











2,900 A, and paraffin paper was trans- < 
parent to UR of wide range of wavel- > — P, 
engths, but only in a very low degree, ~ r 
the transparency to 3,500 A ray being iS 8 OF _-—--S 
only 1.7% with a sample of paraffin & 70P.—-—- . 
paper 2/100mm thick. With Shoji- 5 60¢ 
screen paper and hand-made Mino § SOF 
paper the transparency was too small 40+ : 
to indicate by figures. 30} By 

Cellophane is considerably trans- 20- , “B 
parent to shorter wavelengths in sheets wa iff Jit . 
of 2/100 mm, but vinil 32 showed low Gi 2°" a eT 
transparency, only 25% at 3,200 A, 2800 3000 3200-3400. 
while colorless vinil B, (0.02 mm thick) wave-length (A) 
showed high transparency to longer S: cellophane (2/100 mm) 
UR Waves, but was opaque to waves P,: transparent plastics plate (2 mm) 
under 3,200 A. Celluloid proved only Ps: 2 ” » (4mm) 
slightly transparent to even longer P,: _” WA » (2mm) 

_— : ‘ ae. B,: Vinil (0.02 mm) 

waves, in comparison with similar .. a aoe 
plastic materials. .: if (0.04 ita 

The highest transparency recorded G: collosiess pane den (3 mm) 
with some plastics was 92.5% at the Fig. 184. The curve of transparency of 
wavelength of 3.200 A, the next being = vesious mamuiecewres © the UR. 


79% (Fig. 184). 


Experiments on Prophylaxis and Cure of Rickets 


The author has reported in the above on the results of measurements of 
UR by the TUP method, and in the following, he will describe the results of 
his experiments to determine whether the UR measureable by this method are 
anti-rachitically efficacious. For this purpose, larger panes of NWM plate 
used in the above measurement were prepared and mounted on the feeding 
boxes as windows (called Nawamoto or Twm_ boxes hereunder). The 
data obtained with animal groups fed from in such boxes and from ordinary 
feeding boxes were studied in comparison. Since it was found in the measure- 
ments of the transparency of various materials mentioned above that, with 
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the exception of quartz glass, plates of certain plastics would give best results, 
such plates were used in the model anti-rachitic hourses built at Maru mori, 
Miyagi-ken, in cooperation with Marumori Towship according to the plans 
drawn up by Prof. Sano. The data obtained with animal groups fed in this 
house, in common glass-windowed room and in darkroom under fluorescent 
lamp light were also studied in comparison as follows: 

A. Prophylaxis and Therapy Tests on Rickets with White Mice Fed in 
NWM Boxes 

a) Experimental method: Using NWM boxes, white mice (pure Wester 
breeds only were used throughout our experiments) were bred in UR in sunlight 
coming through the NWM plates. They were fed on rachitogenic feed for 2-3 
weeks and the findings on roentgenograms were then used to estimate the results 
in comparison with control cases kept in darkroom and fed on the same diet. 

b) Groups fed on rachitogenic diet of Ca: P=9.7:1. 

i. Prophylaxis test: 
Among the animals kept 
in the darkroom, one only 
showed negative, 2 pseudo- 
positive and the remaining 
3 positive results upon 
rickets tests, but the 4 
kept in NWM_ boxes 
‘ showed negative results. 
Pe ee a ee ae ii. Resultsoftherapy 

rr 2s 2+ F © HI 8 tests: Of the animals kept 

experimental days in a darkroom, one be- 
came aggravated, but all 
the animals kept in NWM 
boxes were alleviated or 
Fig. 185. Results of prophylaxis tests on rickets cured. 
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in white mice fed in UWM boxes. c. Groups fed on 
rachitogenic diet of Ca: 
P=46:1. 

i. Results of pro- 
phylaxis tests: All the 4 
mice kept in a dark-room 
showed strongly positive 
results, but the 2 kept in 
NWM boxes were pseudo- 
positive, showing lighter 
a a a a ee oe a or a terms than the control 
FF 5S Ff FT HT 14 animals. (Fig. 185). 
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ing a decrease in weight and losing appetite, staminer and lustre in furs and 
died in 14 or 15 days without exception, showing no alleviation of rickets, while 
those kept in NWM boxes showed an increase in appetite and high spirits, good 
appearance of furs and brisk activity, showing an alleviation of rickets, the 
results widely different from those of the control. (Fig. 186) 

B. Prophylaxis and Therapy Tests on Rickets with White Mice Using 
Model Anti-rachitis House 

a) Method: The results of tests obtained from indoor feeding in the 
model house, in a common glass-windowed room and in a darkroom with 
fluorescent lamp lighting on rachitogenic feed (Ca:P=4.8:1) continued for 2 
weeks were compared by means of roentgenographic examinations. 

b) Results of prophylaxis tests: The animals kept in the glass-windowed 
room contracted severe rickets, but the test results of the mice kept in the model 
house were negative or at worst pseudo-positive, and those fed in the darkroom 
all showed pseudo-positive results. 

c) Results of therapy tests: 2 fed in the common glass-windowed room 
showed improvement, but one no change, while all the animals fed in the model 
house recovered and those fed in the fluorescent-lighted darkroom slightly im- 
proved. 

C. Results of Therapy Tests with Rachitic Children in Model House 

From the above results of animal tests, the author could deduce that the 
model house was well adapted for treating rachitic children, and proceeded 
to accommodate a severely rachitic girl 2 years 10 months old. who had been 
admitted to the Pediatrics Clinic of Tohoku University on March 5, 1954 for 
dyspepsia as the chief complaint. Before hospitalization, the child was nursed 
in a straw cradle. 

At the time of hospitalization, the child could barely walk even on her 
hands to hold her up, sweated easily, showed clear caput quadratum, marked 
hypertrophy of epiphyses of the extremities, marked double joints, out-knees 
and marked rosary and swollen abdomen. Roentgenographic findings showed 
symptoms of severe rickets. The roentgenogram taken on the 23rd day of 
hospitalization (March 20) showed little improvement and walking unassisted 
was still beyond her ability. On March 29, she was transferred to the model 
antirachitis hourse and the test treatment was begun. On April 10, the sweating 
had decreased and unassisted walking became possible, and on April 17, she 
began running about. The roentgenogram taken on April 28, just one month 
after the transfer to the model house, showed marked improvement in rachitic 
symptoms. 


SUMMARY AND Discussion 


The TUP method for measuring ultraviolet rays has the merit of a definite 
range of the measured wavelength, very approximately coextensive with the 
range of the anti-rachitically efficacious wavelengths in sunlight, and as the 
quantitative measurement is effected by means of the density of the corresponding 
part on the spectrogram, it is very sensitive in operation and very portable, so 
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that it is convenient for field measurement of solar UR. 

Kassowitz (1697),!® Tisdall and Brown (1927), Hess and Unger (1921)? 
reported on the seasonal change in rickets incidence and the same in the anti- 
rachitic effect of sunlight. L. Hill (1927) reported that the highest quantity 
of anti-rachitic UR in sunlight was recorded at Peppard, and that at Hampstead, 
Peppard and Kingsway, the maximum values are obtained in June and the 
minimum in January. Kobayashi (1928)”2) said that, at Kyoto, the highest 
is recorded in August and the lowest in January. Horstmann and Pettersen 
(1940)2%) asserted that the cumulative effect of the anti-rachitic rays in sunlight 
remains through changes in the actual quantity of the rays in sunlight, so that 
while the maximum abundance of the latter occurred in June and the minimum 
in December, the minimum frequency of rickets incidence is seen in September 
and the maximum in March. 

Awazu (1954)4) reported that at Sapporo, the maximum values at noon 
on a very fair day were obtained in July, followed by August, June, September 
and May, in the order named, and the minimum in December and January, 
when the values fell to 1/4 of the values in July. According to the author’s 
experimental results at Sendai the maximum is recorded in July, followed by 
June and September, the value in July being 9.5 times as much as that in January. 

Dorno (1920)? said that the solar UR are low in quantity in the morning 
and evening, the maximum being seen between 10 a.m. and Awazu said that 
in summer, the value at 7 a.m. is 1/5—1/6 and at 8-9 a.m. 1/3-1/2 of that at 
noon, but the author’s experiments showed that the value at 7 a. m. was only 
1/19.5 of that at noon, but increased rapidly to 1/5 by 8 and to 1/1.6 by 9 a. m. 

J. A. Mannville (1927)?© said that rain and UR stand in inverse relation, 
and Awazu said that in rain, the UR value drops to 7.4-21.8% of that in fair 
weather, but the results of the author’s measurements with this TUP method 
reveals that on a cloudy day when there is no rain, the UR value falls to less 
than 1% of that on a fair day. Miyake (1943)2”) reported that the radiation 
of UR is increased by 50% at least by reflection from snowed surface, but by 
our method, the reflection from snowed surface is about 5.6 times stronger than 
that from the ordinary earth surface. Dorno reported that sky radiation con- 
tains 15% more of UR direct sunlight, and Tisdall and Brown (1927)? said 
that the anti rachitic effect of sky radiation is 1/2—1/3 of that of direct sunlight, 
but the author’s measurements of the change of URD by direction show that 
the effect of sky radiation is extremely poor. Thus, the results of the author’s 
measurements always showed wider differences in the anti-rachitic rays in 
sunlight by seasons, hours and direction, and this is porbably due to the high 
sensitiveness of the author’s method and the narrow limitation of the measured 
range of wavelengths. 


Of the various materials tested, with the exception of quartz glass, some 
plastics showed the high transparency of 92.5% to rays of the wavelength of 
3,200 A, and are deemed to be the most ideal material for window panes. Hess 
and Weinstock (1923)®) reported that most of the clothing materials prevent 
UR from reaching the skin, and that care should be taken to select designs 
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and thickness of clothings so that the effective UR can reach skin. The author’s 
measurements revealed that UR could penetrate textiles more easily, if interstices 
between the fibres were larger. As to paper, Yabuki (1928) reported that 
Japanese paper is superior to glass in this respect, but Tanaka (1933)3" said 
that the transparency of Japanese paper might reach to the range of very short 
wavelengths, but as it is nearly quite opaque to rays of around 3,000 A in wave- 
length, which is of importance in the curative effect in solar UR, the Japanese 
papered screen doors are ultterly worthless in anti-rachitic treatment. On the 
contrary Awazu reported that Japanese paper is transparent to UR to the 
extent of 36.3%. The author’s measurements showed that Japanese paper 
used on sliding doors has so low a transparency that it cannot be expressed in 
terms of comparison with glass. From the results cited above, it is seen tha} 
the past methods for measureing UR by chemical reaction, by animal experi- 
ments and by ocular examination of absorption spectra are not adpated for 
exact measurement of the transparency of various substances to anti-rachitic 
UR, and that only the application of this TUP method assures good results. 

In our experiments with animals, some indeed became slightly rachitic 
even when fed in NWM boxes. But when the results are studied in comparison 
with those obtained animals fed in the darkroom, both the prophylactic and 
the therapeutic effects are apprent, so that it may be concluded that the rays 
coming through the NWM plates are anti-rachitically efficacious and that the 
TUP method is useful in measuring anti-rachitic house, some kept in the ordinary 
glass-windowed room experienced alleviation. Since ordinary glass panes are, 
in a very low degree, transparent to anti-rachitic rays, a long continued ex- 
posure to rays coming through glass windows should be of some effect in pre- 
venting and curing rickets. The results obtained with the group kept in the 
darkroom under fluorescent light were moderately satisfactory both in pro- 
phylaxis and therapy. A spectrogram of the rays from a fluorescent lamp shows 
that some rays about 3,200 A in wavelength are emitted by the lamp, so that 
they are anti-rachitic, though, of course, in a very slight degree. The model 
anti-rachitic house with window panes of plastics showed eminent results both 
in prophylaxis and in therapy. The severely rachitic child treated in this 
house showed speedy recovery, showing the practical value of the model house 
as an anti-rachitis installation. 

N. Saruta (1941)32) reported that the indoor insolation is larger when the 
height of window is large than when its breadth is large. In the model house, 
the plastics-paned windows reach up to the roof and its rooms always have 
windows facing the south, so that in winter the sunlight comes into the farthest 
corners of the room to warm it, but in summer when the sun rises high in the 
southern sky, little direct sunlight comes into the room, so that the interior re- 
mains cold. Considering that the sunlight is rich in anti-rachitic rays in summer 
when sunbathing is convenient and easy to administer, but poor in winter when 
sunbathing gives much troubles, the model house is surely an ideal place for 
anti-rachitic treatment. 


Ito®® of this laboratory reports that the frequency of rickets is higher among 
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children nursed in straw basket cradles much used in Tohoku District than 
among children not kept in such cradles in their infancy. It is a custom with 
these to keep such cradles in shaded places far from daylight, so that the babies 
are given little chance of exposure to anti-rachitic sun’s rays. These cradles 
also hamper the free movements of the infants and nothing could be said in 
defense from medical point of view, and we strongly advocate their speedy 
abolition. 

In Tohoku, especially in Akita, Aomori and Yamagata, the insolation is 
very poor in winter when the quantity of anti-rachitic UR is extremely small. 
Moreover, the planning of the house is generally bad, allowing very little sun- 
light to come into the interior, and the wide use of straw cradles further ag- 
gravates the situation. Thus, the region has become the most prolific hot-bed 
of rickets in Japan. We deem the improvement in house planning, the use of 
plastics plates in the place of glass panes, the abolition of straw cradless an 
better exposure of infants to sunlight the prerequsites to realize reduction of 
rickets incidence in Tohoku District. 


CONCLUSION 


The author has devised a new method (the TUP method) for measuring 
the quantity of anti-rachitic UR. This method is adapted to measuring the 
quantity of the rays in sunlight of around 3,200 A wavelength, which are deemed 
to be anti-rachitically efficacious, in a narrow range with simplicity and pre- 
cision. The equipment required is convenient to carry about and the method 
is highly sensitive, so that it is well adapted for measuring the quantity of solar 
antirachitic rays at any place even under exacting conditions. 

The author then proceeded to examine the changes in the UR quantity 
measured in Sendai and other places in Tohoku throughout the year 1953, by 
seasons, hours, weather conditions, directions and reflection by means of this 
method. He also measured the transparency of various manufactures on market 
to anti-rachitic rays. The results showed that papers used in Japanese screen 
doors are almost opaque to such rays, while some plastics highly transparent, 
second only to quartz glass, so that they are ideal as window panes. The anti- 
rachitic prophylaxis and therapy tests with white mice in NWM boxes showed 
that the rays penetrating through NWM plates are anti-rachitic, proving at 
the same time that the rays measured by the TUP method are anti-rachitically 
efficacious. The experiments with white mice kept in our model anti-rachitis 
house and the results of treatment of a severely rachitic girl in the house have 
proved the value of such a house in prophylaxis and therapy of rickets. The 
author advocates better planning of residences, abolition of the traditional 
straw cradles and winter practice of sunbathing as imperative in improving 
the rickets statistics in Tohoku. 

(The gist of the above report was read by Prof. Sano at the 57th Genera! 
Meeting of the Japanese Pediatrics Ass’n on May 14, 1954). 

In conclusion, the author hastens to express his hearty thanks to Prof. Sano, 
a capable director and kind leader in the present researches, for his unfailing 
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, suggestions and his painstaking corrections of the report, to Dr. Nawata and 
' Laboratory Assistant Takahashi of the Research Institute of Sientific Measure- 
, ment, Tohoku University and to Marumori Township, Marumori Town Hospi- 
tal and Sendai Meteorological Station for their assistance and cooperation. 
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SUMMARY 


The studies mentioned above may be summarized as follows: 

1) Tohoku District (North Japan) is one of the District where rickets is 
prevailing. The infants one to three months old are most susceptible to this 
disease. Rachitic changes can be elicited even in newborn infants. Rickets 
complicated with dystrophy, which is called ‘‘ dystrophic rickets ” in accordance 
with my definition, is observable in this district. This is the characteristic 
feature, which is the cause of the high infant mortality in Tohoku. 

2) That dystrophic rachitic infants are prone to be susceptible to various 
diseases can be explained systematically by clinical observation, experiments 
with tuberculous bacilli, and with antibody production to newborn pneumonia 
virus (Type Sendai). 

3) Dystrophic rickets in Tohoku District is mostly complicated with vitamin 
B,; and By, deficiency, with abnormal electrolytes levels and also with hepatic 
dysfunction. 

4) Contrary to many studies made in Japan that there have been only 
a few cases of latent tetany in the country, it was found to be true that latent 
tetany did exist. Moreover, about 30% of rickets disclosed the tetanic mani- 
festation. ‘This fact would at least partially clarify the underlying mechanism 
of convulsive disorders in infancy which are now prevailing in this district. 

5) In the field survey of mass treatment, combined application of vitamin 
D, and citric acid proved to-be superior in curing rickets to the single appli- 
cation of each drug. Especially in dystrophic rickets, the patients tend to 
improve spontaneously without specific treatment. It must be emphasized 
from the viewpoint of public health, therefore, that rural communities should 
pay attention to sanitary care, sunbathing, improved nutrition, and proper 
weaning. 

6) The antirachitic ultraviolet ray is small in amount in winter relatively. 
The model housing project eqipped with the plastic plates through which the 
antirachitic ultraviolet ray can penetrate is underway. This project proves to 
be effective in the prevention and therapy of rickets. 

Rickets has been studied actively for a long time, and still it is an important 
problem of the day. 
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RESUME 


Les études dont il est question ci-dessus peuvent se résumer de la fagon 
suivante : 

1. La region du Tohoku (Japon du Nord-Est) est Pune de celles oti le 
rachitisme est le plus répandu. Les enfants de un a trois mois sont les plus aptes 
a attraper cette maladie. Des transformations rachitiques s’observent méme 
chez les nouveaux-nés. Le rachitisme, compliqué de dystrophie, maladie au- 
quelle j’ai donné le nom de « rachitisme dystrophique », n’est pas rare dans 
cette région. Telle est le trait caractéristique et la cause de la mortalité infantile 
élevée dans la région du Tohoku. 

2. Que les jeunes enfants atteints de rachitisme dystrophique aient ten- 
dance a attraper diverses maladies, des observation cliniques ainsique, des 
experiences avec le bacille de la tuberculose et avec des anticorps contre le 
virus de la pneumonie le montrent clairement. 

3. Le rachitisme dystrophique du Tohoku se complique le plus souvent 
d’avitaminose B, et Be, avec des taux anormaux de électrolytes niveaux électro- 
lytes et des déréglements hépatiques. 

4. Contrairement a de nombreuses études faites au Japon et qui affirment 
qu’il y a peu de cas de tétanie latents dans ce pays, on a découvert que le tétanie 
latent existait réellement. De plus, environ 30% des cas de rachitisme montrent 
une tendance tétanique. Ce fait devrait permettre de comprendre, au moins 
artiellement, le mécanisme profond des désordres convulsifs qui sont frequant 
chez les jeunes enfants de cette région. 

5. Dans létude clinique des traitements en haut dose de choc l’appli- 
cation combinée de vitamin Dz et d’acide citrique s’est révélée, dans le traite- 
ment du rachitisme, plus efficace que l’utilisation séparée de chacun de ces 
deux medicaments. Particuli¢rement dans les cas de rachitisme dystrophique, 
les malades voient leur état s’améliorer spontanement sans qu’on ait recours 
au traitement spécifique. Du point de vue de la santé publique, il faut donc 
insister pour que les communautés rurales portent leur attention sur les soins 
sanitaires, les bains de soleil, une nourriture améliorée et un sevrage convenable. 

6. Les rayons-ultra-violet antirachitiques ne sont, en hiver, qu’en petite 
quantité. On étudie actuellement un projet de maison modeéle qui serait équipée 
avec des vitres de plastique a travers lesquelles les rayons ultra-violet anti- 
rachitiques pourraient passer. Une telle installation s’est montrée efficace dans 
la prévention et le traitement du rachitisme. On méne depuis longtemps des 
études actives sur le rachitisme, mais celuici reste encore un probléme important 
a Vheure actuelle. 
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ZUSAMMENFASSUNG 


1) Der Tohoku-Distrikt (Nord-Japan) ist ein Bezirk, wo die Rachitis 
haufig vorkommt. Kinder von 1-3 Monaten sind besonders anfallig rachitische 
Veranderungen k6énnen bereits bei Neugeborenen hervorgerufen werden. 
Rachitis kompliziert mit Dystrophie, die wir dystrophische Rachitis nennen, 
wird in diesem Bezirk beobachtet. Das ist ein charakteristisches Zeichen fir 
die hohe Kindersterblichkeit in Tohoku. 

2) Da dystrophisch rachitische Kinder stark empfanglich sind fir ver- 
schiedenen Erkrankungen, kann systematisch gezeigt werden bei klinischen 
Beobachtungen, in Experimenten mit Tuberkelbazillus und mit Antikérper- 
produktion fiir Pneumonievirus der Neugeborenen (Typus Sendai). 

3) Dystrophische Rachitis in Tohoku ist meist verbunden mit B, und 
B, Mangel, mit abnormen Elektrolytenspiegeln und mit Dysfunktion der Leber. 

4) Entgegen vieler Studien in Japan, daB nur wenige Falle von latenter 

Tetanie in diesem Lande vorkommen, haben wir gefunden, da latente Tetanie 
nicht selten ist. Etwa 30% der Rachitisfalle zeigen vielmehr tetanische Mani- 
festationen. Diese Tatsache wird zumindest teilweise den Mechanismus kon- 
vulsiver Symptome, bei Kindern, die in diesem Distrikt haufig vorkommen, 
erklaren. 
5) Die Massenbehandlung verbunden mit Vitamin D, und Zitronensaure 
zeigt sich iiberlegen in der Behandlung zu Einzelgaben von einem dieser Mittel. 
Besonders in dystrophischer Rachitis sehen wir Spontanheilungen ohne spezi- 
fische Behandlung. Das mu® besonders betont werden vom Standpunkt aus 
der 6ffentlichen Gesundheitsfiirsorge. Die Landbezirke sollen deswegen be- 
sonders acht geben auf gute Sanitation, Sonnenbader, verbesserte Ernahrung 
und geeignete Entwéhnung. 

6) In den Wintermonaten ist die Menge der antirachtischen Ultraviolett- 
strahlen relativ klein. Das Modelhaus mit plastischem Baumaterial, durch 
welches die antirachitischen ultravioletten Strhlen leicht passieren kénnen, 
wird wahrscheinlich bald zur Verfiigung stehen, was einen groSen Fortschritt 
in der Vorbeugung und Therapie bedeuten wird. 

Rachitis ist viel und lange Zeit studiert worden und es ist immer noch ein 
bedeutendes Problem. 





SUMARIO 


Los estudios arriba mencionados seran sumarizados como siguen : 

1) Distrito de Tohoku (Norte Japén) es uno de los distritos donde raquitis 
esta prevaleciente. Los infantes que hace uno a tres meces desde sus maci- 
mientos son mas susceptible a esta enfermedad. Cambios raquiticos pueden 
sacarse de los infantes nuevamente nacidos. Raquitis complicado con distrofia, 
que es llamado “ riquitis distrofico ” en acordancia con mi definicién, es ob- 
servable en este distrito. Este es la faccién caracteristica, que es la causa de 
mortalidad alta de infantes en Tohoku. 

2) Infantes de raquitico distrofético son inclinados al estado susceptible 
de variosas enfermedades, y esto puede explicarse sistematicamente por observa- 
ciones clinicas, experimentos con bacilos tuberculosos y produccién de anti- 
cuerpo a pneumonia virus (Tipo Sendai). 

3) Raquitis distréfico en Distrito de Tohoku es en mayor parte com- 
plicado con deficiencia de vitamina B, y By, en planos innormalmente electrélitos 
y ademas con disfunccién hepatica. 

4) Contrario a muchos estudios hechos en el Japén que aqui en este pais 
hay solamente dos o tres casos de tetano escondido, se daba la luz que tétano 
escondido existia. Mas, unos 30 por ciento de raquitis descubrié la mani- 
festacién tetanica. Este hecho por lo menos clarificara parcialmente el me- 
canismo fundamental de desérdenes convulsivos en infancia son ahora pre- 
valente en este distrito. 

5) En el examen de campo de trato en masa, aplicacién combinada de 
vitamina De y acido citrico probaba que es superior en curar raquitis a alicacién 
single de cada droga. Especialmente en raquitis distréfico, los pacientes in- 
clinan a probar espontaneamente sin trato especifico. Por lo tanto debe de 
ser recalcado desde el punto de vista de salud publica, a que comunidades rurales 
deberan pagar atencidon pare cuidad sanitaria, bafio en el sol, nutricién im- 
probada, y destete propio. 

6) El rayo ultravioleta antiraquitico es relativamente pequefia en cantidad 
en invierno. El proyecto de alojamiento modelo equipado con las platas 
plasticas, por las que el rayo ultravioleta antiraquitito puede penetrar, es realce. 
Este proyecto proba que es efectivo en la prevencién y terapia de raquitis. 

Raquitis se queda estudiado activamente por un largo peridodo, y ademas 
es un problema importante del dia. 


410 

















IL SOMMARIO 


Gli studi menzionati sopra siano riassunti come seguente : 

1) Tohoku distretto (Giappone settentrionale) é uno dei distretti dove 
rachitide é prevalente. I bambini, di uno a tre mesi, sono i pit suscettibili 
aquesta malattia. Rachitide complicata con distrofia che é chiamata “ dis- 
trofica rachitide”’ conforme alla mia definizione, si osserva in questo dis- 
tretto. Questa é la causa caratteristica dell’alta mortalita dei bambini in 
Tohoku distretto. 

2) I bambini della distrofica rachitide inclinano ad essere suscettibili alle 
varie malattie ; e questo pud essere spiegato sistematicamente dall’osservazione 
clinica; gli sperimenti con tubercolosi bacilli, e con anticorpo prodotto da 
neonata pneumonia virus (tipo Sendai). 

3) Distrofica rachitide in Tohoku distretto € maggiormente complicata 
con la deficenza di Vitamin B,; e Be, e con gl’ abnormali elettroliti livelli, ed 
anche con la epatica disfunzione. 

4) Contrario ai molti studi fatti nel Giappone che vi erano state le poche 
case di latente tetano, essistevano veramente. Inoltre, circa 30% di rachitide 
rivelava la tetanica manifestazione. Questo fatto, almeno parzialmente, clari- 
fichera il sottostante meccanismo dei disordini convulsivi nell’infanzia, che 
sono ora prevalenti in questo distretto. 

5) Nell’esame del massa-trattamento, l’applicazione combinata di Vita- 
min D, e di acido citrico prov ad essere superiore nel remedio di rachitide alla 
sola applicazione di ogni draga. Specialmente in distrofica rachitide, i pazienti 
tendono a migliorare spontaneamente senza lo specifico trattamento. Deve 
essere dato l’enfasi dallavista della salute pubblica, cioé, che le comunita rurali 
devono pagare Il’attenzione alla cura sanitaria, i bagni di sole, la nutrione mi- 
gliorata, ed il giusto spoppamento. 

6) I raggi ultravioletti di antirachitide sono pochi in somma relativa- 
mente nell’inverno. Il progetto della modellocasa, fornita con la lamina 
plastica per cui i raggi ultravioletti di antirachitide possono penetrare, é in 
progresso. Questo progetto prova ad essere effetivo nella prevenzione ed il 
remedio di rachitide. 

Rachitide era stata studiata attivamente per il lungo tempo, ed ancora 
questa é€ una problema importante oggigiorno. 











PLATE 1 





Fig. 1. A one-storied peasant house with a straw 
roof with no window, in which severe rachitic child 
presented in the other photo (Fig. 4) was reared. 
Photograph taken at Onikobe village, Miyagi 
Prefecture. 





Fig. 2. Same house as shown in Fig. 1 in winter. 
The place is under snow in almost half of the 


year. 
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Fig. 3. ‘‘Ejiko’’ craddle. Infants are reared in 
craddles owing to the convenience in peasant’s home, 
esp. in the farming season. They are bound by 
strings at their neck to avert accidents, kept in a 
dark room. In wide use in Tohoku District. 


Fig. 4. 


Characteristic deformities in a rachitic 


child. Marked lordosis, distended abdomen and 
Harrison’s groove can be elicited. Photograph is 
taken in a peasant’s house. 


Fig. 5. 





Innerside of a typical peasant’s house 


in Tohoku District, displaying an unsanitary living 


condition. 
kitchen. 


Fig. 6. 


Stable located just neighboring the 





Marked bow legs of a rachitic child. 












Fig. 7. Rachitic 


Same patients as shown 


right: T.S. 





T.S. 8 X-ray findings of the wrist of 
Two months after admission. 


T.S. 6 X-ray findings of the wrist of a 


rachitic twin, showing a dystrophic rachitic changes 





M.S. 8 X-ray findings of the wrist of 
Two months after admission. 


T.S. 6 X-ray findings of the wrist of a 
rachitic twin, showing the change of bones due to 
dystrophic rickets. 
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male, aged 1 year 4 






























Fig. 13. Upper end of tibia in dystrophic rachitic Fig. 16. Upper end of tibia in eutrophic rachitic 
rat. Cupping of epiphysis is less evident compared rat. Cupping of epiphysis and thickening of corti- 
with that in eutrophic rickets. Notice thin layer calis are remarkable. 


of corticalis. 





Fig. 14. Low power view of costochondral junc- Fig. 17. Low power view of costochondral junc- 
tion in dystrophic rachitic rat. tion in eutrophic rachitic rat. 
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Fig. 15. Tohoku Pedia- Fig. 18. 2 y. Q dystrophic rickets. 
tric Osteometer measuring a. 10 Sept. 1954 b. 10 Dec. 1954 
the hardness of bones. Ex- Hardness of Bones 
plained in the article 1.7kg >2.5 kg 


‘* Hardness of Bones” by 
Sukeo Ito. 
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Fig. 19. A tetany provocation positive child, Fig. 22. A characteristic position of the right 
showing a characteristic position of the hands. hand in a tetany provocation. positive child. 
Aged 1 y. 8 m. 6 Aged 2 y. 2m. 6 
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Fig. 20. ‘‘ Nawamoto-box "’ with silvered quartz Fig. 23. Ultravioletspectrogram of several plas- 
plate, permitting UVR. (3200 A) In the box pre- tics. 
ventive and therapeutic measures for experimental 
rats are successfly conducted. 





Fig. 21. Anti-rachitic model house under con- Fig. 24. A model house, furnished with windows 
struction. of vast range. Panes are fit in a_ sliding-door. 


They are prepared by plastic glass, transmitting the 


UVR. 








advisory services, 14. 


329. 
following Ist immunization, 330. 


animal experiment, 227. 
antirachitic ultraviolet rays, 391. 
Nawamoto Box, 393. 
base (total serum), 227. 
normal, 228. 
dystrophy, 232. 
dystrophic rickets, 234. 
rickets, 234. 
tetany provocation, 235. 
body weight, 12. 
cranial anomalies, 26. 
craniotabes, 358. 
curved spines, 358. 
curved limbs, 358. 
complications to rickets, 32. 


causes of death in rickets, 35. 
chloride (serum, spinal fluid), 211. 
normal, 212. 
dystrophy, 212. 
rickets, 213. 
dystrophic rickets, 213. 
effect of treatment, 214. 
tetany provocation, 215. 
relation between Cl, CO., 215. 
citric acid (serum), 273. 
normal, 274. 
dystrophy, 277. 
rickets, 276. 
eutrophy & dystrophy, 278. 
treatmant & citric acid, 279. 
tetany provocation, 280. 
calcium (serum total), 157. 
normal, 159, 160. 
dystrophic rickets, 162, 163. 
influence of treatment, 175. 
tetany provocation, 178. 
chemical components (serum), 261. 
alk. Pt. 








antibody production (New-born Virus, HVJ), 


following additional immunization, 333. 


clinical diagnosis at the Ist examination, 32. 


total Ca, diffusible Ca, P(inorg), 
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citric acid, and therapy, 264, 267. 
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HPO,”, Protein and therapy, 268. 
dystrophic rickets (experiment), 95. 
diets (high carbohydrate and 
protein), 96. 
proved by histopathological findings of 
bones, 113 
electrical excitability, 293. 
electrocardiography, 301. 
normal, 302. 
rickets, 304. 
dystropy, 305. 
tetany provocation, 307. 
electroencephalography, 311. 
EEG & tetany, 324. 
normal & rickets, 326. 
feeding, 11. 
fecal fat, 117. 
gastric acidity, 237. 
rickets, 238. 
treatment & gastric acidity, 239, 
pH of saliva & gastric acidity, 241. 
growth of bones, 73. 


low 


carpus, 74, palm bones, 74. 
finger bones, 75, tarsus, 75. 
metatarsi, 76, toe bones, 76. 
arm bones, 77, lower limbs, 77. 
Harrison’s grooves, 358. 
hooked feet, flat soles, 358. 
hardness of bones, 89. 
Osteometer (Tohoku Pediatric), 39. 
calcium contents of bones, 90. 
hepatic function, 147. 
normal, 148, 149, 150, 152. 
dystrophic rickets, 149~151. 
experimental rickets, 155. 
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literatures, 45. 
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changes by therapy, 65. 
intestinal flora, 363. 
mother milk, 363. 
Cow’s milk, 368. 
infection with New-born Pneumonia Virus, 
HVJ, 375. 
iron (total blood), 243. 
normal, 243~245. 
rickets, 247~249. 
dystrophy, 248. 
changes by treatment, 251, 256. 
rabbit experiment, 254. 
K, CO., 217. 
normal, 217. 
dystrophy, 218, 220. 
rickets, 220, 221. 
tetany provocation, 222-224. 
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normal, 170. 
rickets, 172, 174. 
dystrophy, 173. 
effect of treatment, 175, 176. 
tetany provocation, 178. 
phosphorus metabolism, isotope P.»., 183. 
blood, muscle, liver, spleen, kidney, 193, 
199. 
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treatment of rickets, 379. 
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rickets and dystrophy, 80. 
feeding, 83. 
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Vitamin B, and Pyruvic acid, 125. 
normal, 126, 127. 
dystrophy, 127. 
rickets, 126. 
oral administration, 128. 
effect of treatment, 129. 
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normal, 136. 
dystrophy, 136. 
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experiment, 141. 
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